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THE CLINICAL VALUE OF AMBARD’S COEFFICIENT 
OF UREA EXCRETION * 


D. SCLATER LEWIS, M.D. 


BALTIMORE 


In the study of any metabolic process account has to be taken of 
the excretion of waste products, the food intake, and also the various 
changes which this food undergoes in the body before the end-products 
are ready for excretion. The last constitutes the intermediary metabo- 
lism, of which our knowledge is still very imperfect. If any one of 
these groups of processes is studied to the exclusion of the others, very 
erroneous ideas regarding the metabolism will be obtained. Likewise, 
in the study of renal function chemical observations of any one of 
these processes (nitrogen intake or output, or retention of waste 
nitrogen) will fail to give accurate information unless something is 
known of the other metabolic factors. Little vaiue can be attached to 
the finer changes in the level of the blood urea, or total nonprotein 
nitrogen, as a gage of renal function, unless the protein intake is 
known. Widal* suggested this precaution several years ago, but 
reference to the patient’s diet is of rare occurrence in studies of renal 
function by the tests of retention. The necessity of such information 
is constantly increasing because of the popularity of low protein diets 
in the treatment of the azotemic type of nephritis. With the diet 
devised by Mosenthal and Richards? reductions of 75 per cent. in the 
level of the total nonprotein nitrogen are of frequent occurrence, so 
that values of from 30 to 35 mg. are not unusual, even in severe 
nephritis. An estimation of the protein intake should be given, there- 
fore, in every case in which conclusions regarding renal function are 
being drawn from studies of the waste nitrogen of the blood. 

The excretion of various substances in the urine has also been 
used in testing renal function. These tests are of a qualitative and 
quantitative nature. 


* Submitted for publication July 21, 1916. 

* From the Medical Clinic of the Johns Hopkins Hospital, Baltimore. 

1. Widal and Javal: Compt. rend. Soc. de biol., 1904, 56, 301. 

2. Mosenthal, H. O., and Richards, A. E.: Tae Arcuives Int. Mep., 1916, 
17, 329. 
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To make a qualitative test of renal function, a somewhat copious 
diet® is given at fixed intervals, and the variation in the volume and 
specific gravity of the urine is studied in two-hour periods during the 
day. The night voiding is collected in one specimen and studied as 
a whole. The normal reaction to these three meals is a markedly 
variable specific gravity during the day, with an output of from 65 
to 75 per cent. of the water during this period and the excretion of a 
small amount of highly concentrated urine at riight. No attention is 
paid to the relative intake and output of nitrogen and salt, their con- 
centration being the criterion on which a decision is based. These 
test diets give valuable information in the study of renal function in 
nephritis, both in the early and late stages of the disease. 

Ambard* has followed the same general principles in his studies of 
renal function by the determination of the kidney’s maximal concen- 
trating power. He has found a diminution of the maximal concentra- 
tion to be one of the earliest signs of impaired function. With each 
advance in the renal injury there was a corresponding diminution in 
the maximal concentration. 

Siebeck® and his associates have also applied the same principles 
in their studies of the concentrating and diluting powers of the kidney. 
Their results confirm Ambard’s findings. 

There is one possible exception to the conclusions stated above. 
In severe anemia, with a marked hydremia of the blood, a low, fixed 
specific gravity is a constant finding. Whether hyposthenuria in such 
cases is of renal origin or a result of the constitutional changes has not 
been decided. A few cases show a decreased phenolsulphonephthalein 
output and an increased coefficient of urea excretion, pointing to 
definite renal involvement. In other cases these changes are absent 
and no direct evidence of kidney insufficiency can be obtained. 

As quantitative tests to determine the reaction of the kidney to 
an overload of the ordinary metabolic products, large amounts of urea, 
sodium chlorid and water are added to a standard diet and the results 
are studied. No attention is paid to the concentrating power of the 
kidney, and all normal requirements are satisfied by the excretion of 
a certain proportion of the added substances within a given time. 

The phenolsulphonephthalein test is the only test dependent on 
the excretion of foreign substances at present in common use. It 
requires no description. 

According to Mosenthal and Richards* very little information 


3. Mosenthal, H. O.: Tse Arcuives Int. Mep., 1915, 16, 733. 

4. Ambard, L.: Physiologie normale et pathologique des reins, Paris, 1914, 
p. 9. 

5. Hefter and Siebeck: Deutsch. Arch. f. klin. Med., 1914, 114, 497. Doll 
and Siebeck: Ibid., 116, 549. 
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regarding the intermediary metabolism can be obtained from a deter- 
mination of the nitrogen balance. Even in severe nephritis there is no 
relation between the amounts of nitrogen retained and the level of 
the waste nitrogen in the blood. The discrepancy between the intake 
and output cannot be regarded as an evidence of renal insufficiency. 
The nitrogen balance cannot be used for the quantitative study of 
renal function. 


An ideal quantitative method, however, would be a direct com- 
parison of the processes of the intermediary metabolism with those of 


excretion, in other words, a comparison of the concentration of the 
waste nitrogen in the blood with its rate of excretion in the urine. 
Under such conditions the unknown factors would be reduced to the 
rate of blood flow through the kidney and the functional activity of 
that organ. Such studies have been made possible by the work of 
Ambard and his associates. 

Lamy and Mayer* endeavored to compare the concentration of 
urea in the blood with the rate of excretion in the urine. They did not 
recognize the importance of the rate of blood flow, and consequently 
were not able to find any relation between the two values. Five years 
later Ambard and Moreno’ announced their laws of renal function. 
They were three in number, and reduced the study of kidney activity 
to a physicochemical basis. The blood urea was regarded as a stimulus 
acting on the renal cells. The rate of excretion of urea was the 
response of the kidney to that stimulus. In their opinion the rate of 
circulation through the kidney was the chief factor governing the con- 
centration of the urine. A dilute urine was a sign of a high rate of 
blood flow, while a diminished blood supply was shown by the increase 
in the concentration of the urine and a consequent diminished output 
of water and of urea. 

The first law dealt with the relation of the rate of output of urea 
to the concentration of urea in the blood. The rate of output was 
found to vary directly with the square of the concentration of urea 
in the blood, if the concentration of urea in the urine remained con- 
stant. In other words, if the quantity of urea in the blood were 
doubled, the amount excreted in a given time would be quadrupled. 

According to the second law, the rate of excretion of urea varied 
inversely with the square root of the concentration of urea in the 
urine, if the blood urea remained constant. Under these conditions a 
quadrupling of the concentration would result in a halving of the rate 
of output. 


6. Lamy and Mayer: Jour. de physiol. et de pathol. gén., 1905, 7, 679. 
7. Ambard, L.: Compt. rend. Soc. de biol., 1910, 69, 411, 506. Ambard, L., 
and Weill, A.: Jour. de physiol. et de pathol. gén., 1912, 32, 217. 
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The third law was a combination of the first and second. If the 
concentration of the urea in the blood and urine varied simultaneously, 
then the rate of output would vary directly as the square of the con- 
centration of urea in the blood, and inversely as the square root of 
that in the urine. 

The following formula, used in calculating the coefficient, is derived 
from the third law by the addition of correction factors for the 
patient’s weight and for a standard urinary concentration of 25 gm. 
of urea per liter. 


Ur 

70 VC 
K= Dx-x-= 

P V2 


K=coefficient of urea excretion. 

Ur=grams of urea per liter of blood. 

D= output of urea in grams per twenty-four hours. 

P= weight of the patient in kilograms. 

C=grams of urea per liter of urine. 

70= standard weight. 

25=standard concentration of urea in the urine. 

All weights and concentrations are compared to the standards of 70 and 25. 


The normal value of the constant is from 0.06 to 0.09. With a 
decreasing kidney efficiency there is a rise in the constant, and with 
an increasing function the coefficient falls. 

The analytical methods used by the French had been so inaccurate 
that this work remained practically unknown in this country until 
McLean and Selling* repeated the work, using more accurate methods, 
and found the coefficient to have the same degree of constancy that 
Ambard had found four years previously. 

In a second paper McLean® discusses the laws of function some- 
what fully. He concludes that “the excretion of urea and chlorids in 
the normal individual is carried out according to definite laws capable 
of numerical expression.” He finds, however, that in normal, healthy 
adults the laws of function are not followed so closely as by individuals 
living under conditions of ward routine. In the former he finds a 
tendency to a low concentration of blood urea, and a greater output of 
urea than is justified by the laws of function. In the latter cases, 
the blood urea is uniformly higher and the laws of function are fol- 
lowed more closely. These variations from the laws of function are 
considered merely as signs of the ready response met with in healthy 
young adults, living an active life. The validity of this conclusion is 
strengthened by the fact that variations from the laws of function are 


always in the direction of a hyperfunction of the kidney. 


8. McLean, F. C., and Selling, L.: Jour. Biol. Chem., 1914, 19, 31. 
9. McLean, F. C.: Jour. Exper. Med., 1915, 22, 212. 
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Recently, Addis and Watanabe*® have applied Ambard’s laws to the 
results obtained in the studies of urea excretion in normal students. 
They find a very marked discrepancy between the laws of function and 
the results actually obtained. The most serious differences are seen in 
the second law, in which variations of 150 per cent. from the theo- 
retical values are not uncommon. In the application of the first law 
the variations are of a less serious character. They conclude that 
the variations in urea output cannot be explained by the concentration 
of urea in blood and urine. The subjects of these experiments are 
cf the same type as those which McLean finds to show the greatest 
variations from normal. 

In the present series of forty normal hospital patients, it was pos- 
sible to test the validity of Ambard’s laws of function in a number of 
instances. 

A number of cases had identical concentrations of urea in the blood. 
In these cases, according to Ambard’s second law, the expression 

Rate of output X V Conc." of urea in the urine X Ke. of oars 
should be a constant in each group of cases. The maximum error in 
this law was 47 per cent. but the average error was 20 per cent. This 
was decidedly lower than those reported by Addis and Watanabe. 

In the same way, twelve groups of from two to five cases each 
were found havir» the same concentrations of urea in the urine. 
According to the first law 

Concentration of urea in blood 
Ar te” ie 70 
Rate of output < 
Kg. of body wt. 
should be a constant for each group. The adherence to this law of 
function was remarkably good. In very few of the cases did the 
factor show a variation of more than 10 per cent. from a normal 
value. The maximum variation was 30 per cent., the average in the 
neighborhood of 8 per cent. 

It is evident from the above that the laws of function are followed 
more closely by individuals living under routine conditions than by 
those living on a more luxurious diet and subject to the strain of 
active life. 

It has been claimed’® that the mathematical form of the coefficient 
is the real basis of its constancy and that the laws of function play 
absolutely no rdle in the attainment of this end. Addis and Watanabe 
claim that Ur is a relatively constant value and that it is the dominant 
factor in keeping the coefficient constant. On the other hand, D and C 
are the factors which are subject to considerable variation. The effects 


10. Addis, T., and Watanabe, C. K.: Jour. Biol. Chem., 1916, 24, 203. 
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of these variations are minimized by the fact that the greater variant 
is present as its fourth root, and the lesser as its square root. While 
their assumption is partly true, the fact remains that the blood urea is 
not always a constant value. In a series of nephritics here presented 
there are instances of enormous variations in the blood urea, without 
any corresponding change in the coefficient of urea excretion. While, 
strictly speaking, the laws of function may be mathematically inaccu- 
rate, and.the formula from which the coefficient is calculated may tend 
to hide these inaccuracies, still there is a very definite relationship 
between the concentration of the urea in the blood and in the urine and 
its rate of excretion. Under similar conditions of urine concentration 
the rate of urea excretion is always greater with a high concentration 
of bleod urea than with a low one. Similarly, in the presence of a 
stationary blood urea concentration the amounts of urea excreted 
under conditions of polyuria and low urinary concentration are greater 
than when the volume is small and the concentration high. 

In spite of the lack of mathematical accuracy, the normal coeffi- 
cient of urea excretion falls within comparatively narrow limits. 

Objection has been made to the original form of the .coefficient 
because the normal value is not a whole number, and because a 
diminishing renal function causes a rise in the coefficient. Balavoine 
and Onfray" have advocated the use of a formula giving the normal 
coefficient a value of 1, and so arranging the equation that a diminution 
in renal function would cause a drop in the constant. Their sugges- 
tion was not well received in France. 

Ambard™ has suggested a means of calculating the functional 
capacity of a damaged kidney in terms of percentage of the normal. 
For example, if, after the injection of urea, a normal individual pre- 
sents a blood urea of 0.7 gm. per liter, his rate of output should be 
100 gm. per twenty-four hours, at the standard concentration of 25 per 
1,000. This gives a coefficient of 0.07. If a nephritic with a similar 
concentration of blood urea excretes only 25 gm. at the standard con- 
centration, his rate of output is reduced to a quarter of the normal. 
His coefficient under these conditions would be 0.14, because 





n i Blood urea _ ce? 0.7 = 014 
V Rate of output vV 25 ; 


Again, if the rate of output were reduced to one-ninth the normal, 
or 11.11 gm., the coefficient would be 


0.7 
——— = 021 
Vv iL 


11. Balavoine and Onfray: Presse méd., 1912, 21, 786. 
12. Ambard: Physiologie normale et pathologique des reins, Paris, 1914, 


p. 200. 
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The absolute functional value of the kidney can also be obtained from 
the coefficient by the use of the following equation: 


Normal coefficient | * : 
= Functional value of the kidney in terms of normal, 





Pathologic coefficient 
f 0.07 
lon 
the functional capacity of the kidney is reduced to one fourth 
of the normal value. This corresponds to the theoretical diminution 
in the rate of output. The same applies to the second case. 


0.07)? ; 
— | = 0.11, or one ninth of the normal value. 


2 
If we apply this formula to the first case, | = 0.25, that is, 


0.21 
McLean’s index® is based on this modification of the original 


coefficient. In his opinion the average normal coefficient is 0.08, and 
this is used in the fraction 
— K 4 
Pathologic K 
instead of 0.07. To simplify calculation, the expression 
Ur 


70 vc 
Dx—*xX 
a V25 


is subs‘ituted for the pathologic constant, and to avoid the use of 
decimals, the resultant is multiplied by 100. The formula 


DVC X 896 
we ae 
is obtained by simplifying the above fraction. / is the index of urea 
excretion. The normal value of the index is 100 and the maximal 
range is between 80 and 250. The index expresses the functional 
capacity of the kidney in percentage of normal. 

So much work has been published in the European journals in 
which the original coefficient is quoted, and the normal index shows 
such enormous variations that it seems unnecessary to have added this 
new value. However, the index of urea excretion has been included 
in the tables for purposes of comparison. 

In the present series the total nonprotein nitrogen and the urea 
nitrogen of the blood, and the excretion of phenolsulphonephthalein 
will be compared with the coefficient of urea excretion. 


METHODS 


The concentration of urea in both urine and blood normally shows 
great variations in the course of the day, particularly in relation to 
meals.. This makes it impossible to compare the concentration of 














8 THE ARCHIVES OF INTERNAL MEDICINE 


blood urea at any one time with the daily output of urea. Ambard 
avoided this difficulty by studying the renal activity over a compara- 
tively short period, the time chosen being as remote as possible from 
a meal rich in protein. The majority of our studies were made two 
to three hours after breakfast. The amount of urea excreted in the 
test interval, calculated for a twenty-four-hour period, the.efore, 
represents the quantity of urea which would be eliminated in a day, 
provided the concentration of the urea in the blood and urine remained 
constant during the whole twenty-four hours. The latter is a condition 
impossible of attainment under any circumstances. 

Theoretically, the shorter the period of observation, the more 
accurate should be the results. In the wards of a general hospital, 
however, it is impossible to depend on the absolute punctuality with 
which specimens are obtained. To lessen the effect of this error, a 
longer period has been used than that suggested by Ambard and 
McLean. 

Half an hour before the first voiding, the patient is given 200 c.c. 
of water. This insures a free diuresis during the test period, and 
facilitates the prompt collection of specimens. The first specimen of 
urine is discarded. Exactly two hours affer the first voiding, the 
patient again empties the bladder. The second specimen represents 
the amount of urine secreted during the period of observation. It is 
measured carefully to within 1 c.c. and is used for analysis. Midway 
between the voidings 10 c.c. of blood are drawn into a tube which con- 
tains a drop of saturated potassium oxalate solution to prevent clotting. 
The concentration of urea in this specimen represents the average level 
of the blood urea during the test period. 

The urea in the blood and urine may be determined accurately by 
Marshall’s urease methods.** The procedures are simple and rapid. 
Duplicate determinations are unnecessary after one has become 
familiar with the technic.** 

From the results of the foregoing analyses the twenty-four-hour 
output of urea (D) is calculated. The concentration of the urea in 
the blood (Ur) and in the urine (C) and also the patient’s weight in 
kilograms (P) are substituted in the formula 


Ur 
ee Ee 
K= Dx—x - 
P v25 


13. Marshall, E. K.: Jour. Biol. Chem., 1913, 14, 283; ibid., 15, 487. 

14. Urease-Dunning tablets have been used exclusively. Two 25-mg. tablets 
were found sufficient to digest 5 c.c. of urine in three hours at 37 C., while 
the urea in 5 cc. of blood was completely decomposed by three tablets in 
thirty minites at 37 C. Each batch of enzyme should be tested for preformed 
ammonia and a suitable correction applied, if necessary. 








| 











—— a 
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The solution of the equation gives the value of K, which is the 
coefficient of urea excretion.” 

In determining the total nonprotein nitrogen of the blood Folin 
method of precipitation and digestion was used. A combination of 
heat and aeration was employed in removing the ammonia from the 
digestion mixture. 

In making the phenolsulphonephthalein test Rowntree and 
Geraghty’s*’ technic was followed in the determination of the rate of 
excretion. The two-hour output was recorded, as no marked signifi- 
cance could be attached to the hourly excretions. In cases with marked 
edema the dye was injected intravenously. and the amount excreted in 
the first hour was recorded. 


7516 


TYPES OF CASES STUDIED 


The series contains a considerable number of individuals with no 
cardiorenal changes, mostly hospital patients. Cases of fever, hyper- 
thyroidism and myxedema are included. Cardiac cases are presented 
in the stage of decompensation, and also when well compensated. The 
group of nephritics contains examples of all the usual types of 
nephritis, both acute and chronic. There are cases of mercury bichlorid 
and salvarsan poisoning, and also three cases of polycystic kidney. 


NORMAL CASES 


With few exceptions, the cases presented in this group are ward 
patients in whom the cardiorenal system is normal on routine examina- 
tion. All persons convalescing from acute infections, diabetics with 
severe acidosis, and cases of hyperthyroidism are excluded, even 
though the urine be free of albumin and casts.”* 

Ambard gives 0.07 as the normal value of the coefficient, with 
normal range of from 0.06 to 0.08. Ina series of 107 determinations, 
McLean finds the maximum normal range of the coefficient to be from 
0.05 to 0.09 (index 235-80). He considers any coefficient above 0.09 
(index below 80) distinctly abnormal, unless the reduced rate of urea 
excretion can be accounted for. An insufficient water intake is a 
possible cause of increased values of the coefficient in quite normal 


15. The use of an ordinary 10-inch slide rule greatly facilitates the calcu- 
lation, reducing the whole operation to approximately sixty seconds. McLean 
(Footnote 9) has devised a special slide rule for the determination of his 
index, but this is unnecessary in the calculation of the original coefficient. 

16. Folin, O., and Denis, W.: Jour. Biol. Chem., 1912, 11, 527. 

17. Rowntree, L. G., and Geraghty, T.: THe Arcuives Int. Mep., 1912, 10, 284. 

18. It has been found that many of these cases do not have a normal renal 
function. The phenolsulphonephthalein excretion is increased, and the rate 
of urea excretion is much greater than is justified by the concentration of 
urea in the blood. 
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persons. These effects of dehydration are guarded against by the 
ingestion of water before the test period. The findings in our series 
of forty normal persons are given in Table 1. They are arranged in 
the order of increasing coefficients. The concentration of blood urea 
is given in every case, and the phenolsulphonephthalein output is 
included whenever the figures are available. 

The coefficients vary from the minimum of 0.053 to a maximum 
of 0.092, with an average value of 0.074. This is somewhat lower than 
the average normal (0.08) given by McLean. 

Of the forty cases, twenty-two, or 56 per cent., had coefficients 
between 0.065 and 0.085, while 82.5 per cent. had values between 
0.06 and 0.09. 

Normal values of blood urea have been found to vary between 
narrow limits. Folin and Denis’® give the normal variation as from 
11 to 14 mg. of urea nitrogen per 100 c.c. However, when clinical 
material without renal involvement is studied, the results are found to 
be much higher. According to Folin and Denis,’® the usual range in 
such persons is from 10 to 26 mg. per 100 c.c. 

In the present series the blood urea nitrogen varies from 7 to 
23 mg. per 100 c.c., with an average of 14.4 mg. Of the forty cases, 
less than 50 per cent. have a concentration of urea nitrogen between 
10 and 15 mg., and fully 40 per cent. have a concentration above 
15 mg. While relatively few normals present concentrations above the 
upper normal limit of 25 mg. per 100 c.c. suggested by Rowntree and 
Marshall,” still the urea nitrogen approaches this limit in a great 
number of persons. McLean has found that the laws of function 
are followed much more closely in cases with a blood urea nitrogen 
above 14 mg. than in those having a lower concentration of urea in 
the blood. 

Reference to Table 1 will show the entire absence of relationship 
between the level of the coefficient and that of the blood urea. In 
many cases the higher values of blood urea are associated with very 
low coefficients, and vice versa. (In Case 4, U-N == 20 mg., K = 0.058; 
in Case 24, U-N = 8 mg., K = 0.078; in Case 25, U-N = 20 mg., 
K = 0.078.) These findings offer definite proof that the level of Ur 
is not the dominant factor in the formula 

Ur 


70 +2VC 
Dx-x— 
P 25 


It is evident that the effects of the variations in Ur are adequately met 
by corresponding variations in the rate of output. The narrow limits 





19. Folin, O., and Denis, W.: Jour. Biol. Chem., 1913, 14, 29. 
20. Rowntree, L. G., and Marshall, E. K.: Tr. Assn. Am. Phys., 1914. 
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of the normal coefficient (from 0.06 to 0.09) show that while the laws 
may not be mathematically exact, still they are at least correct in 
principle. 

According to the originators of the phenolsulphonephthalein test, 
normal persons should excrete from 50 per cent. to 75 per cent. of the 
dye in two hours. The phenolsulphonephthalein excretion is given in 
twenty-eight of the forty normals. Two persons failed to excrete 
50 per cent. or over, but in both instances the output (47 per cent.) 
was extremely close to that figure. The output ranged from 47 per 
cent. to 79 per cent. with an average of 60.2 per cent. There was no 
absolute relationship between the rate of output and the level of the 
coefficient, the high and low excretions of the dye being spread irregu- 
larly throughout the group. In every instance, however, the values of 
both phenolsulphonephthalein and coefficient are within normal limits. 

Cases Having a Low Coefficient —lIt has been shown that in normal 
individuals, errors of from 10 to 20 per cent. in the first law of func- 
tion are to be expected. If, however, in certain groups of cases varia- 
tions of from 50 to 200 per cent. are of frequent occurrence, and are 
always in the same direction, one would be justified in assuming that 
the underlying cause must be some change in renal function. 

Four groups of cases have been observed in the present series, 
which show consistently low coefficients of urea excretion. They are 
(1) the various fevers, (2) cases of hyperthyroidism, (3) cases of 
primary hypertensive cardiovascular disease, and (4) cases of early 
chronic diffuse nephritis, with varying grades of edema and salt reten- 
tion. In general, they show a normal or somewhat low concentration 
of urea in the blood, a high rate of urea excretion, a variable concen- 
tration of urea in the urine, and a high phenolsulphonephthalein 
output. : 

Cases of Fever: Variations of renal function during fever are not 
unknown. Schlayer** mentions fever as one of the extrarenal factors 
capable of changing renal function. Ambard and Hallion* have 
shown experimentally that the rate of excretion of urea is depressed 
by lowering the temperature of curarized dogs, without any accom- 
panying change in the level of the blood urea. This fall in output 
amounted to 12 per cent. for each degree of change. Riste and 
Kindberg** showed a definite lowering of the coefficient in early 
amyloid disease. They believed this depression was due to the early 
amyloid changes in the kidney, but, in all probability, a large part of 
the change was caused by the fever associated with the tuberculous 


21. Schlayer: Beihefte z. med. Klin., 1912, 8, 211. 
22. Ambard and Hallion: Compt. rend. Soc. de biol.. 1912, 72, 931. 
23. Riste, Leon, and Kindberg, K.: Jour. d’urol. med. et chir., 1913, 3, 561. 
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process. Achard and Leblanc** have presented a short series with low 
coefficient in which are included several cases of fever. They con- 
sidered the relative increase in the rate of excretion to be a part of 
the general loss of central control seen in hyperpyrexia. 

A considerable variety of cases has been observed, including pneu- 
monia, typhoid fever, acute rheumatic fever, malaria, tuberculosis, 
pylephlebitis and acute gout. Observations have been made during 
both fever and convalescence, and also during intermissions in the 
fever. 

In a majority of cases there was no oliguria; the albumin varied 
from a heavy cloud to a faint trace, and was completely absent at 
times. Casts were not constantly present. There was no obvious 
relationship between the presence or absence of albuminuria and 
cylindruria and the level of the coefficient. 

In Table 2 the various cases are grouped according to the diagnosis, 
and the arrangement of the subgroups is in the order of ascending 
coefficients. 

The maximum range of the coefficient®® lies between 0.116 and 
0.032, with an average value of 0.051. This is 31 per cent. lower than 
the average normal coefficient. The coefficient is below 0.06 in 77 per 
cent. of the cases, and in 55 per cent. is below 0.05, while in the 
normals no constant was lower than 0.053. These low values of the 
coefficient are not due to an excessive lowering of the blood urea. 
The average is 12.7 mg. urea nitrogen per 100 c.c., as compared with 
the normal of 14.4 mg. 

The chief point of interest is that with a slightly lowered blood 
urea there is associated an enormous increase in the rate of output of 
urea. This is not associated with a marked change in any one of the 
functions of the kidney. It is not the result of a polyuria, or of any 
marked increase in the concentrating power; sometimes one condition 
is present, sometimes the other. While the average rate of urea 
excretion for a blood urea of 0.308 gm. per liter is 17.2 gm. per twenty- 
four hours, the average in fever for a similar concentration is 36.4 gm., 
an increase of more than 100 per cent (Table 3). This cannot be 
regarded as an evidence of hyperpermeability of the renal epithelium. 
Any kidney capable of raising the concentration of urinary urea to a 
level 80 times that in the blood can scarcely be called a hyperpermeable 
organ. The increased rate of output indicates an increased functional 
activity of the kidney. 


24. Achard and Leblanc: Presse méd., 1914, 22, 365. 

25. The highest coefficient (0.116, Case 414) was obtained in a moribun¢ .-se. 
It is probable that cardiac failure was largely responsible for the impaued 
kidney function. Cloudy swelling was the only change at necropsy. 
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Associated with this improved nitrogen excretion, there is a well- 
marked increase in the phenolsulphonephthalein excretion, the average 
for two hours being 70.5 per cent., compared with a normal of 
60.2 per cent. 

The cause of this disturbed condition of renal function must be 
common to all fevers, as there is a complete agreement of the results 
in all cases. The only features in common are increased temperature 
and the presence of a toxemia. 

The effect of heat on the rate of metabolism has been thoroughly 
studied. Pfliger®® found that heating curarized animals caused an 
increase in the rate of gas exchanges of approximately 10 per cent. for 
each degree (C.) of rise. Linser and Schmid*’ found increases in the 
neighborhood of 13 per cent. for each degree of rise, while Voit®* 
confirmed these findings by studies on the nitrogen excretion under 
similar conditions. 


TABLE 3.—Averace VALues or UREA EXCRETION IN A Group COMPRISING 
HYPERTHYROIDISM, MYXEDEMA AND CoLiLom GolITER 








Corrected 
Gm. Urea Urea N, Rate of | Rate of *Phthal- 
per Liter Mg. per Output Output Coeffi- ein 
Description Blood, 100C.c. for 24 Hr. Caleu- cient Index Output, 
Ur Blood 70 VC) lated for 2 Hr. 


Dx—x——! Ur=0.308 
P V2 


> 





0 EE ee 0.908 “43 172 17.2 0.074 16 602 
Se 0.972 12.7 23.6 | 864 0.051 246 70.5 
Convalescent............ 0.988 m1 13.4 29.5 0.065 12 6B 
Hyperthyrold............. 0.238 10.9 14 6| (888 0.058 228 71.8 
Hypertension............. 0.22 10.3 17 33.2 0.053 224 65.7 


Chronie diffuse nephritis. 0.21 98 13.6 29.2 0.057 197 68.2 








In moderate grades of fever, however, the nitrogen excretion fre- 
quently increases from 100 to 150 per cent., in spite of a low nitrogen 
intake. This excessive rise has been regarded as an evidence of the 
toxic destruction of body protein. 

Applying these considerations to renal function, we should expect 
the cells to share in the generally increased metabolism due to hyper- 
thermia, and the rate of output of urea to increase from 10 to 
13 per cent. for each degree of fever. 

In these cases, however, the rate of output is frequently doubled, 
while a simple hyperthermia of 3 degrees (C.) would only account 


26. Pfliger: Arch. f. d. ges. Physiol., 1878, 18, 303, 356. 

27. Linser, P., and Schmid, J.: Arch. f. klin. Med., 1904, 79, 514. 

28. Voit: Sitzungsberichte der Gesellschaft fiir Morphologie u. Physiologie, 
1895, 2, 120, quoted by Lusk: Science of Nutrition, 1909, p. 313. 
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for a rise of 30 per cent. Again, if the increased rate of excretion 
were due entirely to an overheating of the cells, the rate of output 
should vary directly with the temperature. Observations on cases of 
pneumonia at the time of crisis, and of septicemia with intermittent 
fever show that there is no mathematical relation between the height 
of the fever and the rate of excretion. The very moderate changes 
caused by the hyperthermia are overshadowed completely by some 
other factor. 

The toxins must be regarded, then, as the more important etiologic 
agents in this increased rate of excretion. It is known that they 
increase the rate of protein destruction to a marked degree, that is, 
they stimulate the processes of catabolism. The kidneys also share in 
this stimulation, and this remarkable increase in the rate of function 
is the result. This stimulation can go on to outspoken injury of the 
cell with the production of an acute toxic nephritis. In these cases 
there is a marked oliguria, with retention of nitrogen and elevation of 
the coefficient, showing a serious temporary kidney insufficiency. The 
damage in this instance is due to a destructive action of the toxins, 
rather than the milder changes which cause irritation only. 

The most constant pathologic finding in fever is a cloudy swelling 
of the organs. Virchow” suggests that in some stages, at least, cloudy 
swelling may be an evidence of hyperactivity and hypernutrition of 
the cell, rather than of actual degeneration. Schilling’s*® work sup- 
ports this view. The hyperactivity of the febrile kidney, shown by 
the above functional studies, would seem to agree with Virchow’s 
suggestion. 

All the determinations in the group were made after the tempera- 
ture had been normal for at least four days. 

The averages of the coefficient and phenolsulphonephthalein output 
show a marked return t&°normal. Their values are 0.065 and 63 per 
cent., compared with febrile averages of 0.051 and 70.5 per cent. In 
spite of this rise, there is a marked fall in the average blood urea, but 
this is offset by a still greater fall in the rate of output. These findings 
coincide closely with the accepted ideas of metabolism in convalescence. 
There is an increase in the anabolic activities, the tissues throw less 
waste nitrogen into the blood, and the output of urea diminishes. 

While the above considerations apply to a majority of the cases, 
there are some coefficients which do not return to normal. A few of 
these cases show casts, a persistent trace of albumin, and a high rate 
of phenolsulphonephthalein excretion. These kidneys have suffered 


29. Virchow: Reizung u. Reizbarkeit, 1858, 14, quoted in Ziegler’s Lehr- 


buch der allegemeinsh Pathologie, Jena, 1901, p. 206. 
30. Schilling: Virchows Arch. f. path. Anat., 1894, 135, 470. 
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permanent damage and present in a more or less typical form the 
functional picture seen in early chronic diffuse nephritis (Group 4). 

Cases of Hyperthyroidism: The same marked increase in general 
metabolism is seen also in exophthalmic goiter. Indeed, Magnus-Levy™ 
reports increases in oxygen consumption of from 50 to 70 per cent. 
over normal figures. Friedrich Miiller** reports a patient weighing 
29 kg., with exophthalmic goiter, who lost weight on a diet containing 
68 gm. of protein and 58 calories per kilogram. This points to a 
greatly increased destruction of protein and fat. The nitrogen excre- 
tion frequently rises to very high levels. At times this can be referred 
to superalimentation, but there is frequently a large negative nitrogen 
balance. This marked increase in metabolism has been attributed to 
the tremor present in exophthalmic patients; but calorimetric deter- 
minations during sleep have shown that there is no diminution in 
heat production when there is complete absence of tremor.** 

With a view to estimating the extent to which the kidney par- 
ticipated in this accelerated metabolism, the coefficient of urea excre- 
tion was determined in a number of cases of hyperthyroidism. At the 
same time two cases of myxedema were studied and one case of 
colloid goiter. The results are presented in Table 4, and the average 
values for the group are to be found in Table 3. The cases were out- 
spoken instances of toxic goiter, with varying grades of exophthalmos 
and tachycardia. In no case was the temperature above 99.5, conse- 
quently hyperthermia could not be accepted as an explanation of the 
findings. A majority of the cases showed tremor, emotional dis- 
turbances and loss of weight. Three cases (Cases 459, 461 and 462) 
showed varying grades of myocardial insufficiency, with chronic pas- 
sive congestion. 

In this series of twelve cases the minimum coefficient is 0.024 
(McLean’s index 1110), and the maximum 0.079. The average of the 
19 determinations is 0.053. The highest coefficient among the cases 
with outspoken hyperthyroidism, and without cardiac insufficiency, is 
0.058. The average blood urea is distinctly lower in this group than 
in normal cases, but the blood urea and coefficient are absolutely 
independent of each other. Case 460 shows a blood urea nitrogen of 
7 mg. and a coefficient of 0.067, while in Case 450 a blood urea nitro- 
gen of 9 mg. is associated with one of 0.024. Again, Case 461, with 
a blood urea nitrogen of 13 mg., has a coefficient of 0.047. The con- 
sistently low coefficients cannot be related, therefore, to this slight 
depression of the blood urea, but it is quite possible that the relatively 


31. Magnus-Levy and von Noorden: Metabolism and Practical Medicine, 
English translation, 1907, p. 995. 
32. Miller, F.: Deutsch. Arch. f. klin. Med., 1893, 51, 335, 361. 





20 THE ARCHIVES OF INTERNAL MEDICINE 


low blood urea may be the result of the increased rate of excretion 


of urea. 
All these cases show a high phenolsulphonephthalein output, the 


average excretion being 71.8 per cent. in two hours. This is 11.6 per 
cent. higher than the normal average. 


TABLE 4.—Hypertruyrorism 


Corrected 
Gm. Rate of Gm. Urea *Phthal- 
Case Medical Urea Output Urea Nitrogen, Ooeffi- ein 
No. No per per24 Hr. perLiter Mg. per cient Index Output, 
Liter of 70 VC Blood, 100 C.c. 2 Hr. 


Urine,C Dx—x—— Ur Blood 


V25 


12/19/15 
22/16 
/18/15 
2/19/15 0.068 
22/16 soe . . : 0.054 
0.053 
0.068 


1/24/16 0.054 


2/16/16 0.068 
0.055 
0.057 
0.067 
12/13/15 0.072 
1/24/16 0.047 
6/16 0.061 
0.079 


aati eoeeeee seve eee ccece 
11/17/15 7 ° - A 2 0.097 


12/ 2/15 0.072 
11/17/15 0.125 


11/23/15 0.11 


Both these tests show a marked increase in the functional power 
of the kidney in the uncomplicated cases. The response of the kidney 
to the stimulus of the blood urea is greater than normal, consequently 
the rate of output is decidedly higher than usual and the coefficient 
is depressed. This increased renal activity is probably a local mani- 
festation of the general acceleration of metabolism caused by the 
hyperactivity of the thyroid gland. 
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Partial strumectomy, or ligation of vessels, has been done on three 
of these patients (Cases 454, 457 and 461). One left the hospital 
unimproved. One (Case 457) showed a distinct increase in glucose 
tolerance, and some clinical improvement, as evidenced by a gain in 
weight, but practically no change in the coefficient. He was observed 
for only three weeks after operation. The third (Case 461) is still 
in the hospital. She is improving slowly, but so far the coefficient has 
not shown any marked tendency to return to normal. This slow 
return to normal after operative interference suggests the possibility 
that the internal secretion of the thyroid has a definite toxic action 
resulting in irritation of the kidney tissues. The circumstance that 
hypertension may develop in thyroid disease** also makes it possible 
that changes have occurred in the smaller vessels throughout the 
body and that the vascular system of the kidney has suffered at the 
same time. There is a noteworthy similarity between the above func- 
tional findings and those in primary hypertensive vascular disease. 

In colloid goiter there is absolutely no change from normal, either 
in the coefficient or in the phenolsulphonephthalein output. 

The findings in two cases of myxedema were particularly interest- 
ing. Schwartz and McGill** noted a somewhat low concentration of 
blood urea in a case of myxedema. Two cases in the present studies 
showed normal concentrations of blood urea (12 and 14 mg. U-N). In 
one case the coefficient was 0.097 and in the other 0.125, while there 
was a low normal excretion of phenolsulphonephthalein. Both cases 
showed a marked clinical improvement following the administration of 
thyroid extract. The blood urea increased to a moderate degree and 
there was a distinct lowering of the coefficient. 

Marshall and Davis** have shown that removal of the suprarenals 
produces a marked impairment of renal function, as measured by the 
level of blood urea and the phenolsulphonephthalein excretion. This 
impairment is not due to any failure of circulation, and is undoubtedly 
caused by the removal of the internal secretion of the glands. The 
above clinical findings are in close accord with their experimental 
results, and furnish additional proof of the widespread activities of 
the glands of internal secretion as regulators of metabolism. 

Primary Hypertensive Cardiovascular Disease :** There were ten 
cases in this group. All had a systolic pressure above 160 mm. of 
mercury. In almost every instance the patients complained of some 
manifestation of the increased blood pressure, such as headaches, 
transient attacks of vertigo, mild signs of cardiac embarrassment, or 


33. Janeway, T. C.: Bull. Johns Hopkins Hosp., 1915, 26, 341. 
34. Schwartz and McGill: Tue Arcnives Int. Mep., 1916, 17, 42. 
35. Marshall and Davis: Personal communication to the author. 
36. Janeway, T. C.: Tue Arcuives Int. Mep., 1913, 12, 755. 
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vague neurasthenic symptoms. They came for consultation purposes, 
so that prolonged observations were not possible. Slight cardiac 
hypertrophy was the only physical finding common to the whole group. 
The output of urine was somewhat increased, traces of albumin were 
present in a majority, but casts were found in less than half the cases. 

One patient (Case 0, Table 5) has been seen at intervals during 
eight months. He has shown marked symptomatic improvement and a 
slight drop in blood pressure, but no change in the urinary picture or 
in the level of the coefficient. 

In these cases the average blood urea nitrogen is 10.3 mg. per 
100 c.c., with a range of from 7 to 20 mg. The level of the blood 
urea is very low in most cases, but in two a high blood urea 
had no effect on the value of the coefficient. Associated with this 


TABLE 5.—Primary Hypertensive CARDIOVASCULAR DISEASE 











Corrected 
Gm. Rate of Gm. Urea *Phthal- 
Case Medical Urea Output Urea Nitrogen, ein 
No. No. per per24Hr. per Liter | Mg.per Coefficient Index Output, 
Liter of 7 y¥C Blood, 100 Cc. 2 Hr. 
Urine, C Dx—x— Ur Blood 
P V5 
0 34088 21.3 15.1 0.193 9 0.06 257 76 
y 13.1 0.171 8 0.048 278 70 
| 
10 ocese occs eeee eesce y 0.05 256 
a ecee aves canbe 12 0.051 246 63 
| 
1 | 85486 54 14.5 0.193 9 0.061 246 70 
| 35552 8.2 14.8 0.214 10 0.055 212 58 
oS - mema 16.2 178 0.285 11 0.056 204 58 
12 | 35239 30.6 50.9 0.406 19 0.057 197 58 
7 | SBA7T 4.9 6.7 0.15 7 0.058 190 64 
| 
18 33777 11.3 10.5 0.193 v 0.059 181 85 





depressed blood urea is an increased rate of output. For an average 
blood urea nitrogen of 10.3 mg. there is an output of 17 gm. per day, 
or, recalculated for a normal concentration of 14.4 mg., the output is 
33.2 gm. This shows an increase of 100 per cent. over the normal 
response of the kidney to the same concentration of urea in the blood. 
As a result of this increased rate of output, the coefficient shows a 
marked depression, the average value being 0.0535. The phenolsul- 
phonephthalein excretion shares in this increased renal function, the 
average output being 5 or 6 per cent. above the normal average. 
According to Fischer,*’ every case of pure hypertension shows a 
change in the smaller vessels of the body. These vascular changes 


37. Fischer: Deutsch. Arch. f. klin. Med., 1913, 109, 469. 
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are associated with a loss of vasomotor control, and vascular crises 
are the result. The same conditions are present in the arterioles of 
the kidney. There is an increased irritability of the organ, which is 
shown by an exaggerated response to stimuli of all kinds. The 
depression of the coefficient is a means of gaging the intensity of this 
pathologic change. This condition has been described by Schlayer** 
in his various studies of renal function, and the above findings are con- 
firmatory of certain phases of his work. 

The primary stage of irritation is of particular value in explaining 
the outspoken pathologic changes seen in cases of primary c »ntracted 
kidney in which the functional findings have been normal. These 
cases are in the second stage of the disease. Having gone through the 
initial period of irritation (Fig. 1, A, B, C), they have returned to an 
apparently normal function (C), although the damage has progressed. 
Any further advance in the pathologic process will be shown promptly 
by functional evidence of renal insufficiency. 





Fig. 1.—State of renal function as shown by progressive renal involvement. 
A, normal; B, increased; C, “pseudo” normal; D, decreased. The heavy hori- 
zontal line indicates the normal level. (After Schlayer.) 


Early Chronic Diffuse Nephritis: Cases of chronic diffuse nephritis 
showing a hyperpermeability to phenolsulphonephthalein have been 
described by Sellards,** Pepper and Austin,®® and Baetjer.“° There 
were ten similar cases in the present series; a few showed edema at 
the time of observation and all showed a marked interference with 
the excretion of sodium chlorid. The urine was highly albuminous 
(from 3 to 7 per 1,000, Esbach), and casts were frequently present. 
The specific gravity was high. The nonprotein nitrogen of the blood 
was low in the four cases reported by Baetjer. We found the same 
condition in our own series. The blood urea was below normal in 
every case except one. This patient presented an extreme oliguria 
during one stage of his illness, and at this time his blood urea rose to 


38. Sellards, A. W.: Bull. Johns Hopkins Hosp., 1912, 23, 298. 
39. Pepper and Austin: Am. Jour. Med. Sc., 1913, 145, 254. 
40. Baetjer, W.: THe Arcnives Int. Mep., 1913, 11, 593. 
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triple its former value. The rate of output was reduced in this instance 
to such a degree that the coefficient rose from 0.05 to 0.214. With the 
secretion of a larger volume of urine the coefficient promptly fell to 
its former level. As a rule, however, the rate of output was much 
greater than that normally found with low concentrations of blood 
urea and the coefficient was depressed. The average value for the ten 
cases was 0.057. The phenolsulphonephthalein output was never below 
56 per cent. and in a majority of cases exceeded 65 per cent. 


TABLE 6—Earty CHronic Nepnmritis 


Corrected 
Gm. Rate of Gm. Urea *Phthai- 
Case Medical Urea Output Urea |Nitrogen,| Coeffi- ein 
Date No. No. per per 24 Hr. | per Liter; Mg. per cient Index Output, 
Liter of 70 VC) Blood, | 100 C.c. 2 Hr. 
Urine,C Dx—x— Ur Blood 
P V2 








1/ 7/16 

1/17/16 

1/18/16 | 
. 1/19/16 








' 


| 








In these cases the early inflammatory process has caused a cellular 
irritation, which is again made evident by an increased response to 
stimulation. These cases also go through a second stage, in which the 
usual functional tests are normal, and a later stage, in which the 
damage is so marked that the functional tests show progressive impair- 
ment of renal function. 

The last two groups of cases are presented to emphasize the fact 
that irritation is the earliest sign of renal disease, no matter whether 
the process be of the vascular or of the diffuse type, and it should be 
remembered that increased function is one of the first evidences of 
this irritation. An excessively low blood urea in the presence of a 
normal protein intake, a coefficient persistently below 0.055, or a 
phenolsulphonephthalein output of more than 70 per cent. should be 
regarded, therefore, with suspicion, as being possible indications of 
an early stage of renal damage. 
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CASES WITH INCREASED COEFFICIENTS OF UREA EXCRETION 


Increased coefficients 
Myocardial insufficiency; variable, with changes in circulatory system 
Nephritis 
Constant 
Variable 
With changes in the clinical picture 
Acute nephritis 
Progressive renal insufficiency 
Effect of myocardial insufficiency 
Without changes in the clinical picture 
Effect of fixation of specific gravity and interference with water 
excretion 
Basal coefficient 


Myocardial Insufficiency—tThe patients in this group presented 
some type of pure cardiac disease of a valvular or myocardial nature. 
Cases of nephritis with failing compensation have been excluded. A 
number of the patients were followed from the stage of extreme myo- 
cardial insufficiency through the period of recovery to a complete 
restoration of the circulatory equilibrium. Some did not improve dur- 
ing their stay in the hospital. Twelve died; of these, seven came to 
necropsy. Six of the latter showed typical chronic passive congestion 
of the kidney. One (Case 276) showed a few-arteriosclerotic scars of 
the kidney, with a marked chronic passive congestion superadded. 

Tests of Renal Function in Chronic Passive Congestion.—Blood 
Nitrogen: In chronic passive congestion, the chief functional defect 
lies in the inability of the kidney to excrete water and sodium chlorid. 
The concentrating power for nitrogen is rarely interfered with, and 
little evidence of nitrogen retention in the blood is to be expected, 
except in the severe cases. The work of Frothingham and Smillie,“ 
Tileston and Comfort,*? Rowntree and Fitz,** and other observers con- 
firms this assumption. 

The present group, taken as a whole, shows moderate increase in 
the blood urea. The average urea nitrogen is 19.9 mg. per 100 c.c., 
compared with the normal average of 14.4 mg. In moderate chronic 
passive congestion there is no constant change in the level of the blood 
urea, with improvement in the circulatory condition. Indeed, many 
of these cases show a rise in the blood urea following a return of 
cardiac compensation. This is due to the increased protein intake 
during convalescence. 

In some of the more outspoken cases of myocardial insufficiency 
(Cases 276, 277, 278 and 279) a definite fall in the blood urea accom- 
panies the return of compensation. In no case does this exceed 12 mg. 


41. Frothingham and Smillie: Tae Arcuives Int. Mep., 1914, 14, 541. 
42. Tileston and Comfort: Tue Arcuives Int. Mep., 1914, 14, 620. 
43. Rowntree and Fitz: THe Arcnives Int. Mep., 1913, 11, 258. 
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of urea nitrogen per 100 c.c. One of these cases subsequently came 
to necropsy, and the kidneys showed a few arteriosclerotic scars. 
Rowntree and Fitz** suggested that this retention might be due to 
some slight renal change which was not demonstrable under normal 
conditions, but which became apparent under the extra strain put on 
the kidneys by the failing circulation. 

Phenolsulphonephthalein Excretion: In well compensated heart 
conditions and the milder forms of passive congestion, Rowntree and 
Fitz** have found little interference with the excretion of dye. In 
outspoken myocardial insufficiency the excretion was much diminished, 
but returned to normal with restoration of circulatory equilibrium. 
These observations were confirmed in the present series. 

The coefficient of urea excretion has been determined at least once 
in all cases, and repeatedly in a number of instances. 

In well-compensated cardiac disease there is very little change from 
normal, the average coefficient being 0.082. The highest value under 
these conditions is 0.103 and the lowest 0.054. 

In forty-one determinations there were outspoken evidences of 
myocardial insufficiency. The average coefficient in these cases is 
0.124, with a maximum variation of from 0.074 to 0.248. There is a 
general relationship between the degree of decompensation and the 


height of the coefficient in all these cases: the more evident the passive 
congestion, the higher the coefficient. The most striking agreement, 
however, is found in those determinations done on the same individual 
under varying conditions of myocardial sufficiency and insufficiency. 


Case 252 is a good example. The diagnosis was syphilis of aorta, aortic 
insufficiency and myocardial insufficiency. On the patient’s first admission, his 
coefficient was obtained after compensation had been reestablished. It was 
normal (0.08). The blood urea nitrogen was 16 mg. and the phenolsulphone- 
phthalein excretion 46 per cent. Six months later he returned. He was very 
edematous and extremely dyspneic. There was marked oliguria, the daily out- 
put rarely exceeding 500 c.c. Chronic passive congestion had evidently impaired 
his renal function, as his power of concentrating urea was markedly diminished. 
The blood urea had increased slightly, but the coefficient had risen to 0.193, 
an increment of over 200 per cent. After six days’ rest and a restricted fluid 
intake, there was some clinical improvement, and the blood urea nitrogen 
dropped to 17 mg. There was no diuresis, the rate of output was essentially 
the same as .on the previous occasion, and the coefficient showed no marked 
change. In the course of the next two and a half weeks, the patient lost most 
of his edema, there was a moderate polyuria, and ct the time of the third 
determination, the coefficient had dropped to 0.112. This change was not 
accompanied by any fall in the blood urea, but was due entirely to the increased 
rate of urea excretion. The fourth observation was made shortly after the 
disappearance of myocardial insufficiency. There was a good output of urea, 
and, in spite of an increased blood urea, the coefficient had returned to normal. 
The phenolsulphonephthalein excretion was not determined at the height of 
passive congestion, but subsequent determinations did not show any marked 
change from the output obtained on the first admission. 
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Practically every case in which serial determinations were done 
showed the same relation between the coefficient and the degree of 
myocardial insufficiency present. In a majority of cases the coefficient 
shows no relation whatever to the level of the blood urea, indeed a 
lowering of the coefficient is frequently associated with a rise in the 
latter value. 

Eighteen of the patients had coefficients below 0.12 and four of 
these died. In thirteen, the coefficient was above 0.12, with nine fatali- 
ties. Of the four fatal cases with coefficients below 0.12, two of the 
patients died of bacterial endocarditis without obvious chronic passive 
congestion; the other two showed no myocardial insufficiency at the 
time of observation, and died in subsequent exacerbations. Five of 
the thirteen fatal cases in the second group showed a temporary 
improvement, and during this time the coefficient returned to normal 
values. 

The rise in the coefficient should not be regarded as having the same 
significance in chronic passive congestion as in nephritis. The rise in 
the latter case is the result of definite anatomic changes in the renal 
cells. In chronic passive congestion the fundamental cause lies in the 
failure of the heart to supply a sufficient quantity of blood to the 
kidneys. This imperfect circulation results in an oliguria. There is a 
secondary factor, the actual functional deterioration of the cell, due to 
its impaired blood supply. This prevents the attainment of a requisite 
degree of concentration to offset the effects of the oliguria. The 
resultant of these two factors is that the rate of output does not reach 
the level demanded by the concentration of urea in the blood, and 
there is a rise in the coefficient. With a return of normal circulatory 
conditions, the kidney shows a complete recovery of functional 
activity. 

In cardiac disease there is no great change in the level of the total 
nonprotein nitrogen or urea of the blood. The urea nitrogen forms a 
somewhat larger proportion of the total nonprotein nitrogen in the 
more severely decompensated cases than it does normally. The coeffi- 
cient of urea excretion affords an excellent means of following the 
effects of passive congestion on renal function. The more severe 
grades of chronic passive congestion cause marked rises in the con- 
stant. Cases with a coefficient about 0.12 usually come to a fatal issue 
within a relatively short period. In a majority of cases the phenolsul- 
phonephthalein excretion is diminished in marked passive congestion 
and returns to normal with the reestablishment of normal circulatory 
conditions. 

Nephritis: Ambard,** Widal, Weill and Vallery-Radot** and 
McLean® have shown that changes in the functional capacity of the 


44. Ambard, L.: Physiologie normale et pathologique des reins, Paris, 1914. 
45. Widal, Weill and Vallery-Radot: Presse méd., 1914, 22, 565. 
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diseased kidney can be followed with great exactness by the coefficient 
of urea excretion. They have found a marked fixation of the coeffi. 
cient when the disease was stationary, a gradual rise during the prog- 
ress of the condition, and a fall if the disease showed a tendency to 
subside. Widal has compared the excretion of urea to the escape of a 
fluid through an opening of variable size. If it is escaping at a given 
rate, under a known pressure, it will be necessary to increase that 
pressure if the size of the orifice is to be diminished without interfer- 
ing with the rate of output. These laws of hydrostatics hold abso- 
lutely within certain wide limits. The same general considerations 
apply to renal function. Under normal conditions a satisfactory rate 
of output can be maintained with comparatively low concentrations 
of urea in the blood. As the amount of healthy kidney tissue is 
decreased by disease, interference with the rate of urea excretion 
becomes more outspoken, and a higher concentration of blood urea is 
required to maintain the original rate of output. The coefficient, there- 
fore, assumes a higher level than previously, but should remain con- 
stant at this new value until a further change in renal function occurs. 
Ambard, however, points out that these conditions prevail only in the 
presence of a sufficient output of water and that in the oliguric stages 
of nephritis variations in the coefficient, which cannot be explained by 
actual changes in the kidney function, are to be expected. 

The coefficient is particularly useful in the study of those cases 
of nephritis which show a retention of nitrogen. In the early stages 
of chronic diffuse nephritis, with a maximum involvement of the salt 
excretion, the results are not so dependable. Indeed, there may be 
an irritation of the kidney, with an actual hyperactivity in the excre- 
tion of nitrogen in certain stages, as has been shown previously. In 
the absence of any marked interference with the chlorid elimination, 
however, the coefficient may be relied on to indicate an impaired nitro- 
gen excretion in a considerable number of cases, long before any 
impairment has been shown by a retention of nitrogen in the blood. 

There are 162 cases of nephritis in the present series, but the find- 
ings will be tabulated in only forty-one cases, which were studied 
repeatedly. These results will be used for an analysis of varying 
factors which may cause changes in the value of the coefficient. The 
whole series will be utilized for the general discussion and observa- 
tions on prognosis. 

Acute Nephritis: There were eighteen cases of acute nephritis, 
seven of which were observed repeatedly. Possible etiologic factors 
were known in ten instances. Four were associated with purpura, 
one followed erysipelas, one followed salvarsan therapy, and two 
were cases of mercury poisoning. In one case there was a history of 
prolonged exposure to cold and wet. 
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TABLE 8—Acute Nepuritis 





Total Percentage 
Non- Urea of *Phthal- 
protein Nitrogen, Total 
Medical Nitrogen, Mg. per Non- Coefficient Index 
No. Mg.per 100 C.c. protein 
100 O.e. Blood as Urea 
Nitrogen 





4/10/15 
4/13/16 
4/16/16 
4/18/14 
5/10/14 
5/ 2/14 
5/30/14 
2/19/15 
8/ 1/15 
10/23/15 
10/26/15 
ll/ 1/15 
1l/ 3/15 
1l/ 9/15 
11/16/15 
11/30/15 
12/ 6/15 
12/ 8/15 
12/13/15 
12/23/15 
12/26/15 
9/29/15 
9/30/15 
10/ 2/15 
10/ 4/15 
10/ 6/15 
10/ 8/15 
10/18/15 
10/18/15 


* The diagnosis was acute nephritis; purpura. 
t The diagnosis was salvarsan poisoning. 
t The diagnosis was mercury bichlorid poisoning. 
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The results were similar in every case. During the acute stage 
there was a variable grade of oliguria and a well-marked retention of 
nitrogen, as shown by studies of the blood. The coefficient showed a 
rise corresponding to the severity and duration of the disease, and 
there was a consistent diminution in the phenolsulphonephthalein out- 
put. The highest values were found in Cases 95, 119, and 132. In 
Case 95 the nephritis was associated with a septicemia, and was prob- 
ably of a focal nature. The second was a case of mercury bichlorid 
poisoning. The patient had been anuric for six days before examina- 
tions were begun. Case 132 was of an acute nephritis, with complete 
suppression of urine for two days after the onset. The two deter- 
minations were made during the period of recovery, but the coefficient 
was not obtained after complete recovery. 

In every case clinical improvement was accompanied by a rapid 
change in the functional tests. The blood urea fell to normal levels, 
the rate of excretion of urea increased and there was a marked drop 
in the coefficient. The phenolsulphonephthalein excretion also 
increased and resumed a normal rate of output. Those cases in which 
a chronic nephritis followed the subsidence of the acute lesion gave 
evidence of this in the persistence of some elevation of the constant 
and an impaired phenolsulphonephthalein excretion. In those patients 
with perfect recovery the coefficient and phenolsulphonephthalein 
resumed absolutely normal figures. 

Chronic Nephritis: The findings in chronic nephritis have been 
confirmatory in nature to a considerable degree. Ambard and McLean 
have both noted marked increases in the coefficient, corresponding to 
the grade of renal insufficiency present. 

Reference to the work of Folin,** Frothingham,“ Tileston* and 
others quoted previously shows the wide range of normal values of 
urea nitrogen. The upper limit of normal is between 20 and 25 mg. 
Of sixty-six cases in the earlier stages of nephritis, only twenty-two 
showed urea nitrogens above 20 mg., and only six were above 25 mg. ; 
yet all had coefficients above 0.09 (the upper normal limit), and many 
showed outspoken increases in the constant. In this same group the 
urea nitrogen was 15 mg. or less in twenty-nine cases. It is evident 
from this that the coefficient picks out instances of early impairment 
long before the blood urea shows any definite increase. In the severer 
cases there was a more evident agreement between the blood urea and 
the level of the coefficient. Of forty-one determinations on cases hav- 
ing a coefficient between 0.15 and 0.3, the blood urea was above 25 mg. 
in thirty-three and above 20 mg. in thirty-seven instances, with only 
two cases below 15 mg. Both these patients, Cases 88 and 92, were 


46. Folin, O., and Denis, W.: Footnotes 16 and 19. 
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on a low protein diet at the time, their levels of blood urea nitrogen 
having been 19 and 65 mg., respectively, before the diet was com- 
menced. In one instance, Case 92, the change in level of the blood 
urea had caused no noticeable change in the value of the constant, 
while in Case 88 the disappearance of a moderate passive congestion 
readily explained the lowered coefficient. 

The Relation of the Total Nonprotein Nitrogen to the Urea Nitro- 
gen: In a considerable number of cases the total nonprotein nitrogen 
was determined synchronously with the blood urea nitrogen. Folin 
and Denis** found that 50 per cent. of the total nonprotein nitrogen 
was present as urea nitrogen in healthy adults, but that in normal 
clinical material the proportion ranged from 41 to 74 per cent. While 
this range of variation has been noted in the milder cases of nephritis, 
an almost complete disappearance of the lower values has been found 
in the more severe cases. In thirty-eight determinations on persons 
having a coefficient between 0.09 and 0.15, twenty-one had less than 
60 per cent. of the total nonprotein nitrogen as urea nitrogen; while 
in seventy-one determinations on cases with a constant above 0.15, 
only eleven had iess than 60 per cent. of the total nonprotein nitrogen 
as urea nitrogen. The ratio of total nonprotein nitrogen to urea nitro- 
gen seems to have a much more intimate relation with the degree of 
nitrogen retention than it does with the level of the coefficient. The 
lower percentages are almost always associated with the low values 
of blood nitrogen. In those cases in which the blood nitrogen was 
varied by dietary procedure (Cases 117, 88, 92, 54 and 35), the fall in 
the blood urea always took place much more rapidly than did that of 
the total nonprotein nitrogen, with the result that even in severe cases 
the proportion frequently sank below 50 per cent., and went to 43 per 
cent. on two occasions. In chronic nephritis a low percentage of urea 
nitrogen has little significance. Percentages above 75 are seen rarely 
in the milder cases, but they become increasingly frequent in the 
severer ones. 

The Independence of the Coefficient and the Blood Urea: If Addis 
and Watanabe’s”® criticisms of the coefficient are founded on fact, and 
if the coefficient really maintains its constancy only by reason of the 
relative fixation of the blood urea, one would be justified in making 
the following assumption: 


1. In cases of chronic nephritis, in a stationary condition, the 
coefficient should follow the concentration of urea in the blood. Every 
rise or fall in the blood urea should be reflected by a corresponding 
variation in the coefficient. 

2. If the clinical condition of the patient is showing marked varia- 
tions during the period of observation, then the variations in the blood 
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urea, and consequently the coefficient, should reflect the functional 
condition with accuracy. 

3. If the disease should be rapidly advancing, and yet the blood 
urea should be reduced by dietary measures, then the coefficient 
should follow the blood urea, and indicate an apparent improvement 
in the presence of an outspokenly progressive impairment of renal 
function. 

In dealing with the first assumption, reference may be made to 
Cases 92, 97, 110 and 84. In Case 92 (Fig. 2) variations in the blood 
urea nitrogen from 59 to 15 mg. per 100 c.c. produced a maximum 
variation in the constant of from 0.224 to 0.292. In this case the rate 
of output, corrected for urinary concentration, amounted to 29.7 gm 
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Fig. 2—Independence of the coefficient of blood urea excretion in chronic 
nephritis. The coefficient remains constant, while the blood urea and the urea 
output vary. In this and the following illustrations the full, dark line indicates 
the coefficient of urea excretion (K), the figures being given in the first 
column at the left; the dotted line indicates the blood urea in thousandths (Ur), 
the figures being given in the second column from the left; the parallel dash 


* line indicates the V corrected rate of output—= Vv D, etc., the figures being 


given in the third column; the dash line indicates the concentration of the 
urine in thousandths (C), the figures being given in the fourth column; and 
the parallel lines indicate the volume of urine, expressed in the figures of 
the fifth column. 


of urea for the initial concentration in the blood. With the drop in 
the blood urea to 25 per cent. of its former value, the rate of output 
dropped to 2.09 gm. in the 24 hours, or 7.01 per cent. of its original 
rate. The other cases all show the same absolute relationship between 
the tate of excretion and the concentration of urea in the blood. 
Judged from the blood urea alone, these patients should be considered 
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as markedly improved, while in reality their functional power has 
shown no obvious change. 

The phenolsulphonephthalein excretion in these cases was constant, 
pointing to an unchanged condition of renal function. 

The acute nephritides furnish the best examples of the agreement 
of the blood urea, the coefficient, and the clinical condition of the 
patient. Such cases cannot be used as arguments against the validity 
of the coefficient. 

The third condition is somewhat difficult of attainment, but Case 35 
fulfils all requirements. 


The patient, C. C. (Med. No. 35242), 35 years of age, was perfectly well until 
nine months before admission, when headaches began. They became progres- 
sively worse. He had marked nycturia; gastro-intestinal disturbances appeared, 
and he lost a great deal of weight. Visual disturbances commenced one week 
before admission. 

Physical examination showed evident loss of weight, no marked pallor, some 
exophthalmos, lungs with few rales at the bases. The region of cardiac dul- 
ness was 4 by 14 cm. There was relative mitral insufficiency. The blood 
pressure was 240 systolic, 140 diastolic. There was marked arterial thickening. 
The liver edge was palpable 2 cm. below the costal margin. The eyegrounds 
showed extreme hemorrhagic albuminuric retinitis. The urine specific gravity 
was 1.015. There was albumin, 2 parts per thousand, with numerous hyaline and 
granular casts. The phenolsulphonephthalein excretion in two hours was 40 
per cent. 

A diagnosis was made of chronic diffuse nephritis, secondary contracted 
kidney, chronic uremia, hypertension and arteriosclerosis. 


On account of severe headache, he was put on low protein diet. 
The blood urea nitrogen dropped from 17 mg. to 13 mg. and then to 
7 mg. With this drop there was an even greater rate of fall in the 


twenty-four hour output of urea, and as a result, the coefficient rose 
from 0.103 to 0.129. The phenolsulphonephthaiein excretion dropped 
to 34 per cent. in the course of a few days. 


Under treatment his headaches decreased, but otherwise his con- 
dition was unchanged. He died two months later in typical uremic 
convulsions. In this particular instance the coefficient and phenol- 
sulphonephthalein tests showed the true progressive character of the 
disease, in spite of the drop in the blood urea and the symptomatic 
improvement. 

From the cases given above it is evident that there can be no abso- 
lute relationship between the blood urea and the coefficient. In the 
mild and moderately severe cases the value of the coefficient depends 
on the functional capacity of the kidney, and any variation in the 
value has its underlying cause in some functional change in the kidney 
itself. 

Causes of Variation in the Coefficient in Chronic Nephritis: The 
foregoing cases show conclusively that simple variations in the blood 
urea have no effect on the level of the coefficient. Therefore, the 
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most obvious cause of the variability in the constant will be an actual 
change in the patient’s condition. This may be due to changes in cir- 
culatory mechanism or to definite changes in renal function. 

In myocardial insufficiency the onset of passive congestion is rap- 
idly followed by a rise in the coefficient, which falls again quite as 
rapidly with the subsidence of the condition. Case 28 shows the effect 
of an increasing grade of cardiac insufficiency, a marked increase in 
the coefficient, with very slight change in the blood urea, while Case 52 
is an example of a change in the opposite direction. Case-88 shows 
the effect of chronic passive congestion on the coefficient in a severe 
case of nephritis. The coefficient falls from 0.192 to 0.154 with an 
improvement of the circulatory condition, then, as chronic passive 
congestion returns, rises again to 0.172. In this particular instance the 
level of the blood urea also shows large variations, due to the dietary 
regimen. This patient died of cardiac failure two weeks later. 

Actual Changes in Renal Function—Improvement: The fall of the 
coefficient during improvement has been discussed under acute 
nephritis. 

By dietary methods, having as their basis a prolonged reduction in 
the protein intake, we have been able repeatedly to reduce the blood 
urea to normal and even low normal values, but in only one case has 
this been followed by any apparent functional change in the kidney. 
In Case 84, after a low protein intake of two months’ duration, the 
coefficierit fell from 0.168 to 0.066. It subsequently rose to 0.087. 
That this variation was not due merely to a change in the blood urea 
concentration is shown by the fact that on one occasion the coefficient 
was 0.163, with a blood urea nitrogen of 12 mg., and one month later 
was 0.087, with blood urea nitrogen of 13 mg. This patient had been 
admitted five times during the preceding three years, and on each 
occasion his phenolsulphonephthalein excretion had been approxi- 
mately 40 per cent. On the last admission his output was 31 per cert., 
but with the falling Ambard, his phenolsulphonephthalein rose to 
63 per cent. and finally 72 per cent. In other words, there seemed to 
be a definite functional improvement in this case, which, to the best 
of our knowledge, had been in a stationary condition for the preceding 
thirty-six months. 

Advance in the Severity of the Disease: The coefficient affords 
an excellent means of studying the progress of functional impairment. 
Table 9 presents numerous examples of a rising coefficient, associated 
with increasing renal insufficiency. In these cases an increase in the 
level of blood urea usually accompanies the rising constant. If such 
a condition occurred with a stationary lesion of the kidney, the rate of 
output would increase to a corresponding degree and the coefficient 
would not change. A rise in the coefficient indicates an inadequate 
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response on the part of the kidney to an increased stimulation in the 
form of increased concentration of blood urea. According to the stage 
of disease, the increase may be slow or rapid. In Case 164 the 
coefficient rose from 0.172 to 1.12 in six weeks, and death occurred 
shortly after the latter determination. In Cases 116 and 114 the 
change was equally rapid. 

Other cases have advanced much more slowly. Case 96 presented 
a coefficient of 0.24 in 1915. Eight months later the value was 0.34 
and one year later 0.414. The phenolsulphonephthalein output fell 
from 10 per cent. to 3.5 per cent., and finally to zero in the same time. 
Another case (Case 124) merely advanced from 0.101 to 0.153 in 
three months, while others (Case 92, etc.) were absolutely stationary. 

Changes in the Coefficient Which Are Not Due to Actual Changes 
in Renal Function: These changes are only seen when kidney func- 
tion is in an extremely embarrassed condition. 

Certain cases of marked renal insufficiency in the present series 
showed marked changes in the value of the coefficient, quite inde- 
pendent of any change in the functional efficiency of the organ. Some 
explanation of these findings was sought in view of their apparent 
disagreement with the laws of function. 

The use of test meals for renal function has shown that the most 
constant qualitative finding in moderately severe nephritis is loss of 
concentrating power.’ This eventually progresses until there is a loss 
of diluting power as well® and the concentration of the urine becomes 
practically constant throughout the day. Under these conditions the 
second law of function becomes nonexistent, and the rate of output 
varies directly as the square of the concentration of urea in the blood. 
The only means of changing the rate of output is by a variation of the 
urinary volume, and in such persons a rise in the blood nitrogen is 
met by a corresponding grade of polyuria. Cases 110 and 112 are 
examples of this condition. In both cases there is approximate fixation 
of the urea concentration. In the former case the blood urea drops, 
and in the latter there is a considerable rise. In each instance the 
burden of changing the rate of output falls on the volume of urine 
excreted. In the first case there is an almost perfect response, with 
a constant coefficient; in the latter (Case 112) the rise in volume is 
not quite sufficient and there is a definite increase in the constant. 

In the later stages of nephritis, even this water-regulating mechan- 
ism may be lost, and the rate of output becomes a relatively fixed quan- 
tity. As a result the formula 


Blood urea Blood urea 
K>= becomes K =— 
V Corrected rate of output V Constant factor 


or, in other words, the coefficient varies directly with the blood urea, 
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because the rate of output has become a constant. The best example 
of this condition is Case 102 (Fig. 3). 

Another possible condition would be the inadequacy of the water 
output. The frequency with which a diurnal oliguria and nocturnal 
polyuria are associated in nephritis is well known. If, therefore, the 
concentration were fixed, and a coefficient were determined during the 
period of nocturnal polyuria, and again during the oliguria period 
of the day, the coefficient should vary in direct proportion to the water 
output. The last four determinations of the coefficient in a case of 
polycystic kidney (Case 111, Fig. 4) show this condition remarkably 
well. The blood urea is relatively constant, while the volume, cor- 
rected rate of output, and value of the coefficient agree absolutely. 
The final intense grade of oliguria was precipitated by the ingestion 
of an enormous quantity of water, given in the hope of producing a 
polyuria. This is a good example of a fatigue reaction in a badly 
damaged kidney and is of the same type as that produced in many 
cases of chronic diffuse nephritis by a sudden overload of salt. 

In this case the changes in the value of the coefficient were not 
associated with any clinical change in the patient. At first sight they 
seem to be obvious proof of the inaccuracy of the coefficient and the 
laws of excretion. Closer examination, however, proves them to be 
the natural outcome of the functional conditions present. 

In patients with a regular advance in the kidney lesion, the impor- 
tance of oliguria in producing the terminal renal insufficiency is beau- 
tifully shown in Figure 5. The fixation of concentration is almost 
complete, although it shows a slight tendency to rise with the progres- 
sive increase in the blood urea. The volume and rate of output con- 
tinually diminish, and finally there is the onset of the premortem pro- 
tein catabolism, with a tremendous rise in the coefficient and blood 
urea, associated with a marked fall in the urine volume and rate of 
excretion. This progressive impairment is alsc reflected by the con- 
stant fall in the phenolsulphonephthalein output. 

Basal Coefficient: In dealing with physiologic problems we are 
accustomed to speak of stimuli as being minimal, optimal and maximal. 
By the last is meant a stimulus of such a strength that it will elicit 
the maximal response from the tissue under examination. Any fur- 
ther increase in the stimulus will cause no increased response; on the 
contrary, it may produce actual damage and the response be diminished 
rather than augmented. 

It is conceivable that similar conditions might exist in cases of 
nephritis with a marked impairment of concentrating power. Within 
certain limits of blood urea concentration, the kidney would be capable 
of excreting the theoretical quantities of urea, and the coefficient would 
remain constant. If the blood urea rose above these limits, and pre- 
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Fig. 3.—The coefficient of urea excretion varies directly with the blood urea 
in the later stages of nephritis. For key to the diagram see the legend of 


Figure 2. 


Fig. 4—Case of variation of the coefficient of urea excretion with changes 


the urine volume. For key to the diagram see the legend of Figure 2. 





THE ARCHIVES OF INTERNAL MEDICINE 


Fig. 5.—Importance of oliguria in producing the terminal rise of the coeffi- 
cient. For key to the diagram see legend of Figure 2. 
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Fig. 6.—Case of direct variation of the coefficient of urea excretion with 
the blood urea. The rate of urea output remains constant while the urea in 
the blood is high; when the latter falls, the rate of output begins to vary in 
relation to the blood urea. For key to the diagram see legend of Figure 2. 
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sented a supramaximal stimulus, the rate of output would not increase 
to a corresponding degree, but would remain a relatively fixed quan- 
tity. Under these conditions the coefficient would vary directly with 
the blood urea. The reappearance of a constant coefficient would 
signify the return of the blood urea within the foregoing limits of con- 
centration and below the critical concentration. 

Case 95 (Fig. 6) is of interest in this connection. During the 
acute stage there was a considerable nitrogen retention. In the first 
five determinations, however, there was a progressive fall, both in the 
blood urea and in the coefficient. During this period the rate of output 
remained practically constant, a good example of a maximal response 
to a supramaximal stimulus. As soon as the blood urea fell below the 
critical concentration, the rate of output began to vary in relation to 
the blood urea. 

Case 117 (Fig. 7) is another example of the same condition in a 
chronic nephritis with the diffuse type. There was marked albuminuria 
and cylindruria. The specific gravity was fixed in the neighborhood 
of from 1.010 to 1.012. On admission, the blood urea nitrogen of this 
patient was 53 mg. per 100 c.c., and the coefficient 0.75. After a period 
of improvement his protein intake was increased and the blood urea 
nitrogen rose to 88 mg. The coefficient, however, fell to 0.458. One 
month later the coefficient was 0.425. He then became worse; there 
was a marked retention of nitrogen, and the coefficient rose to 1.305. 
A low protein dietary reduced the level of the blood urea. The coeffi- 
cient followed it closely during the first part of its fall, but when the 
coefficient reached the value of 0.525, it became constant. The con- 
centration of urea continued to fall, but each diminution was accom- 
panied by a corresponding change in the rate of output, so that the 
coefficient resumed its independence of the blood urea concentration. 
A subsequent rise of the blood urea nitrogen to 64 mg. .was associated 
with a prompt rise in the constant, while subsequent falls below 50 mg. 
did not produce any marked depression in the coefficient. As the fatal 
issue approached, renal function became more and more impaired and 
there was a progressive increase in both blood urea and the coefficient. 

After the initial exacerbation of the disease, the phenolsulphone- 
phthalein excretion remained constantly between 5 per cent. and 7 per 
cent., and showed no such variations as those seen in the coefficient 
during the same period. 

The second case is of particular interest. It raises the question 
as to whether two types of nitrogen retention should not be recog- 
nized. The first type is characterized by a fairly rigid adherence to 
the laws of function, and every change in blood urea concentration is 
accompanied by a corresponding change in the rate of excretion. The 
retention may be regarded as a purely physiologic means of over- 
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coming the increased resistance to the passage of urea through the 
damaged kidney. The result of such a retention is a coefficient some- 
what above the normal, but constant in value. 1n the second type of 
retention the conditions are somewhat different. If the kidney were 
stimulated to its maximal capacity by that portion of the retained urea 
necessary to produce a maximal response, then the excess above this 
level would act merely as an overload. It would not have any favor- 
able effect on the rate of urea excretion, and would be of a distinctly 
pathologic nature. It should be regarded as an accumulation of nitro- 
gen, rather than a retention. Under such conditions the value of K 
would vary directly with the concentration of the blood urea. If, how- 
ever, the blood urea fell below the critical concentration, which marked 
the division between the pathologic accumulation and the physiologic 
retention of nitrogen, the kidney would again be able to respond to 
variations in the blood urea by corresponding variations in the rate of 
output, and the coefficient would again become a constant. The coeffi- 
cient would be independent of the concentration of urea in the blood 
just so long as the blood urea remained below the critical concentra- 
tion. Reference to Case 117, Table 9, will show that before the exacer- 
bations in October the kidney had quite a wide margin of safety. 
Concentrations of blood urea nitrogen up to 88 mg. were not sufficient 
to cause any variations in the coefficient. At a later period 50 mg. 
seemed to be the value and any rise above the level caused marked rise 
in the coefficient. It seems justifiable to assume that no absolute 
change in the functional capacity of the kidney took place during this 
time, but that the variations in the coefficient were merely the result 
of this accumulation of nitrogen in the blood. 

The term “basal coefficient” might be applied to the value of the 
coefficient below which it is impossible to go, no matter how low may 
be the value of the blood urea. It represents the actual functional 
power of the kidney more accurately than do the higher values of the 
coefficient obtained during the period of nitrogen accumulation. 

McLean* has described an accumulation of nitrogen in certain 
cases of nephritis, caused by the limitation of the fluid intake. In the 


present instance there was no restriction of fluids and the condition 


was produced by the actual inability of the kidney to excrete either 
water or urea 
PROGNOSIS 

While tests of function should be regarded as valuable aids to an 
accurate prognosis, they should never be allowed to dominate the 
picture. A diagnosis of the type of lesion and a proper valuation of 
the many factors in the disease complex are of even greater impor- 
tance. 


47. McLean, F. C.: Jour. Exper. Med.. 1915, 22, 366. 
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In vascular nephritis death is due so frequently to extrarenal acci- 
dents (vascular or cardiac) that extreme renal insufficiency is some- 
what unusual. In such cases the presence of a relatively unimpaired 
renal function should not be regarded as necessarily warranting a 
favorable prognosis. For example, Case 71 was a cerebral arterio- 
sclerotic, with some evidences of a vascular nephritis. The functional 
tests showed slightly damaged kidney (55 per cent. phenolsulphone- 
phthalein excretion, coefficient 0.141), yet he died two weeks later of 
cerebral hemorrhage. We have had very little opportunity of follow- 
ing the cases of primary contracted kidney over long periods. Such 
patients have usually come for consultation on account of symptoms 
referable to hypertension rather than to any renal insufficiency and 
have not remained in the hospital. Of fifty-eight patients examined, 
forty-eight had coefficients below 0.2. Thirty-three of these have been 
traced, and of these, only five are dead. One died of uremia, three of 
cerebral hemorrhage, and one with extreme myocardial insufficiency. 
Of the ten patients with coefficients above 0.2, nine have been followed 
and eight of these are dead. Six died in the hospital in coma, two 
died of cerebral hemorrhage shortly after their discharge. Extreme 
myocardial insufficiency was present in three of the eight patients 
during their terminal illness. It is evident from the foregoing that 
functional signs of renal insufficiency occur only in the last stages of 
the disease. Coefficients above 0.175 in chronic vascular nephritis 
justify a very guarded prognosis. 

The cases of chronic diffuse nephritis can be divided into three 
distinct types: 

1. Those which remain stationary over prolonged periods, in spite 
of an outspoken renal insufficiency. The functional tests have a pecu- 
liar value in identifying these cases and in giving evidence of the onset 
of a progressive lesion, which under ordinary circumstances is the 
final event. 

2. Other cases show a progressive course, with constantly increas- 
ing renal insufficiency. In these the coefficient and phenolsulphone- 
phthalein test enable us to follow the rate of progress and thus assist 
in an accurate prognosis. 

Seventy-one determinations have been done on thirty-nine such 
cases in which the coefficient was below 0.2. Thirty of these patients 
have been traced and ten have died, six in uremic coma. Seventy-six 
determinations have been done on twenty-six patients with coefficients 
above 0.2. Twenty-one of these patients have been traced and fifteen 
of them are dead. Eleven died in uremia within a short time of obser- 
vation, and most of them had more or less severe myocardial insuffi- 
ciency. It is evident from the foregoing that here again individuals 
with a coefficient above 0.2 have an expectation of life measured in 
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months, although the danger is not so immediate as m those cases of 
vascular nephritis with an equally high coefficient. 

3. In three cases (Cases 23, 26 and 35) the functional studies gave 
no inkling of the severity of the lesion. These were all examples of 
rapidly progressive uremia. The history was the same in every 
instance. There were severe headaches, visual disturbances, nausea, 
vomiting and loss of weight. Hypertension, cardiac hypertrophy, 
diffuse vascular thickening, and extreme grades of albuminuric retinitis 
were present in every case. They showed normal blood ureas, coeffi- 
cients below 0.14 and phenolsulphonephthalein excretions above 40 
per cent. These patients all died in convulsions within five months of 
the time of observation. None of these cases came to necropsy. From 
the history, Case 114 was probably another member of the group, seen, 
however, in the last stages. At necropsy a moderate grade of sec- 
ondary contracted kidney was found. In these cases a comparison of 
the severity of the symptoms and physical signs, with the mild grade 
of functional impairment, gave a perfectly definite picture. The 
absence of outspoken functional impairment should not be misleading. 
The prognosis in these cases was measured in weeks. 

While in a majority of cases the functional findings are of great 
assistance in the making of an immediate prognosis (as in those cases 
with a coefficient above 0.2), we are still at a great disadvantage in 
those cases having only a moderate grade of impairment. Under 
ordinary conditions a low coefficient (below 0.12) which remains at 
approximately the same level for some time justifies a good prognosis. 
One should be extremely careful in giving a favorable opinion with 
values above 0.15, as a coefficient at this level means that a large 
proportion of the active renal tissue has been damaged, and any extra 
strain put on the organ will undoubtedly cause serious renal insuf- 
ficiency. 

Practically every patient with a coefficient steadily above 0.35 has 
died within six months. Every one of these patients, however, had 
such outspoken signs of renal insufficiency that the information gained 
by functional study was merely of a confirmatory nature. 


SUMMARY 

1. The laws of function are not followed with mathematical exact- 
ness in young and active individuals, but under routine conditions 
they are remarkably accurate. They are correct in principle. 

2. The coefficient of urea excretion is subject to certain variations 
in normals, but any value below 0.06 or above 0.09 should be regarded 
as abnormal unless the excessive variation can be readily explained. 

3. The coefficient is absolutely independent of the blood urea con- 
centration. Its level is governed by the condition of renal function. 
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4. The coefficient is depressed in fever, in hyperthyroidism, in 
hypertension with early changes in the renal arterioles, and in early 
chronic diffuse nephritis. The depression is an evidence of increased 
renal activity due to irritation. 

5. The coefficient is raised in myxedema. 

6. There is an increase of the coefficient in myocardial insufficiency. 
Opinions are divided as to whether this is the effect of an extrarenal 
factor (the circulation) or whether there is a definite anatomic lesion 
in the passively congested kidney. 

7. The coefficient is above normal in nephritis with renal insuffi- 
ciency. This increase is more evident in chronic diffuse nephritis than 
in the vascular type, due to the greater frequency of renal insufficiency 
in the former cases. The coefficient shows an increase long before 
there is any evidence of nitrogen retention in the blood. The coeffi- 
cient gives an excellent means of following the changes in renal func- 
tion and of measuring the rate of progress of the disease. 

8. There is a marked uniformity in the results of the phenolsul- 
phonephthalein test and the coefficient in all stages of nephritis. In the 
later stages there is also a close agreement between the nonprotein 
nitrogen of the blood and the coefficient. 

9. In a few severe cases the coefficient varies without there being 
any evident change in the clinical condition ; the causes of these varia- 
tions have been discussed. 

10. The prognostic value of the coefficient is considerable. Values 
above 0.2 are seen only in the severe cases, while constants persis- 
tently above 0.3 are found only in persons with 4 maximal impairment 
of renal function. A coefficient above 0.2 has a graver import in vascu- 
lar nephritis than in that of chronic diffuse type. 

11. For an accurate prognosis repeated determinations of the 
coefficient are of the greatest importance. 


—————ee 


ee 





THE ACTION OF THE SEVERAL “FEMALE REMEDIES” 
ON STRIPS OF THE EXCISED HUMAN UTERUS* 


J. D. PILCHER, M.D. 
OMAHA 


In a recent paper’ were presented the actions on the excised uterus 
of the guinea-pig of a long list of drugs that have been reputed to 
possess certain rather indefinite actions on the uterus. Since then 
there has been an opportunity to investigate the actions of a few of the 
same drugs on strips of the human uterus in the same manner. The 
number of experiments in this series is rather limited, but as the results 
agree qualitatively with those on the guinea-pig uterus and as a large 
percentage of the strips from the human uterus do not contract at ail, 
the number was thought to be sufficient to warrant conclusions for this 
work. The experiments were made on strips from four nonpregnant 
uteri and from one fallopian tube. The uteri were obtained from the 
surgical services of the Omaha hospitals* and were used on the same 
day ; one specimen was used on the second day also. Four specimens 
were from patients past the menopause and the fifth from a patient 
28 years of age; the results were similar in each case. 

Character of the Movements of Strips from the Human Uterus: 
Gunn* has previously noted that strips from the human uterus contract 
similarly to those from the guinea-pig; his tracings, however, agree 
with mine that the movements are of much less magnitude as a rule, 
occasionally being no more than wavy lines. Very frequently strips 
showed no contractions at all. Possibly the pregnant human uterus 
would give a larger percentage of active strips, as is the case with the 
guinea-pig uterus. 

The following drugs were examined: Pulsatilla pratensis (pulsa- 
tilla), Aletris farinosa (unicorn root), Caulophyllum thalictroides (blue 
cohosh), Cnicus benedictus (blessed thistle), Viburnum prunifolium 
(black haw) and oil of valerian. It was found that pulsatilla, aletris 
and oil of valerian (Fig. 1) lowered the amplitude of the excursions 
or completely inhibited them; but the action was not so prompt or so 
great as on the guinea-pig uterus in the same concentration. Caulo- 


*Submitted for publication June 26, 1916. 

*From the Pharmacologic Laboratory, University of Nebraska, College of 
Medicine, Omaha. 

1. Pilcher, Burman and Delzell: Tue Arcuives Int. Mep., 1916, 18, 557. 

2. From the services of Drs, Findley, Jonas, Waters and Mosher. 

3. Gunn, J. A.: Proceedings of the Royal Society, 1914, 87, 551. 
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phyllum (Fig. 2) put the strips into tonic contraction, but again the 
action was less than on the guinea-pig; the tone was not increased 
above the maximum, as was frequently the case with the guinea-pig. 
Cnicus benedictus and viburnum were inactive. The latter was tried 
in but a single experiment, however. 





The Experimental Data: With the pulsatilla there was a gradual lowering 
of the excursions with the 1 to 1,000 solution in one case, and from the 
1 to 500 and the 1 to 250 solution in a second. A third strip was practically 
unaffected by the 1 to 1,000 solution. 


il 
- 7 


edi 





Fig. 1—Oil of valerian on a strip of human uterus; at 1 it was applied to 
make a 1 to 50,000 solution. 





Ps) 

e 

Fig. 2.—Cauliphyllum thalictroides (blue cohosh) on a strip of human uterus ; § 
applied at A to make a 1 to 250 solution. m 


With aletris a single strip gradually ceased to contract when placed in a 
1 to 500 and 1 to 250 solution. # 
With oil of valerian the contractions of five strips promptly ceased when : 
placed in a 1 to 25,000 solution, and the inhibition was permanent; there was * 
considerable depression from a 1 to 100,000, and a 1 to 50,000 concentration 
in one case. Stronger solutions were correspondingly more active. Three 
experiments were on strips from the fallopian tube, which were also depressed. 
These were the only experiments made on the tube. The larger number of 
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experiments were made with the oil of valerian as it was used to insure the 
accuracy of the method in connection with other work. 

The typical action of caulophyllum was exhibited in four experiments with 
a 1 to 500 concentration and in a single case with a 1 to 250 solution of the 
evaporated fluidextract. 

Cnicus benedictus was inactive in three cases with the 1 to 500 solution 
and in a single case with the 1 to 100 solution of the evaporated fluidextract. 

Viburnum prunifolium was inactive in but a single experiment with a 
1 to 500 concentration. 


COMMENT 


The results show that the drugs examined act on strips from the 
human uterus in the same direction as on the guinea-pig uterus; but 
that more concentrated solutions are required to produce the same 
effect. They thus strengthen the argument of the previous paper that 
it is highly improbable that these drugs could exhibit a similar action 
on the intact uterus in doses that could be tolerated by the patient. But 
a limited number of drugs of this group, the so-called uterine tonics 
and sedatives, have been examined. But as the results agree qualita- 
tively with those of the previous work on the guinea-pig, it seems safe 
to conclude that the others would have the same action on strips of 
the human uterus as from the guinea-pig uterus, but probably to a 
lesser degree. 


CONCLUSIONS 
The drugs examined act on strips of the isolated human uterus in 


the same direction as on the guinea-pig uterus, but to a much less 
degree. Aletris farinosa, pulsatilla pratensis and oil of valerian depress 
the activity of the strips; Caulophyllum thalictroides throws the strips 
into tonic contraction; Cnicus benedictus and Viburnum prunifolium 
are inactive. 
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THE PRESENT SIGNIFICANCE OF THE AMINO- 
ACIDS IN PHYSIOLOGY AND PATHOLOGY * 


DONALD D. VAN SLYKE, Ps.D. 
ROCKEFELLER INSTITUTE 


CHEMICAL NATURE OF THE AMINO-ACIDS 


This discussion is inserted because it will be necessary, for the 
ready understanding of the later parts, that speaker and audience 
shall have in mind from the same point of view two or three signifi- 
cant chemical characteristics of the amino-acids as a class. 

We know, chiefly as the result of the researches of Fischer,’ 
Kossel, and their collaborators, that the amino-acids are the units or 
building stones out of which the protein molecule is constructed. They 
are the final products obtained when proteins are hydrolyzed by strong 
acids, or by the action of pepsin, trypsin and erepsin in the alimentary 
canal. In the characteristic points of their structure the amino-acids 
are all alike. That is, they belong to a type, and we have only to 
understand the type in order to become fairly well acquainted with 
them all. We have pictured in Figure 1 what may be designated as a 
decapitated amino-acid. It is the portion of the molecule which is 
common to all the amino-acids, and its formula expresses the chemical 
properties which are characteristic of them as a class. Of these prop- 
erties, the most striking are due to the occurrence in the same molecule 
of an amino group, with a basicity like that of ammonia, and an acid 
group with an acidity like that of acetic acid. Hence from these two 
groups the name, “amino-acid.” The amino and acid groups are 
joined by a single carbon atom, which serves as a bridge between them. 
This structure occurs in every amino-acid. The central carbon atom 
is the center of the entire molecule. It is flanked on one side by the 
amino group, on the other by the acid group, a third valence is occu- 
pied by an insignificant hydrogen atom, while to the fourth, which in 
the decapitated formula is left pointing upward and unattached, is fas- 
tened what we may term the head of the molecule. This is different in 
every amino-acid. It is the source of the individuality of each. There 
are eighteen varieties of such heads, as may be seen by glancing at 
Figure 3, and, corresponding to them, eighteen distinct amino-acids, 
each possessing the common group characteristics indicated by the 


* Submitted for publication July 11, 1916. 
* Address delivered Jan. 15, 1916, before the Harvey Society of New York. 
1. Fischer, Emil: Untersuchungen iiber Aminosauren, Polypeptide, und Pro- 
teine, Ber. d. deutsch. chem. Gesellsch., 1906, 39, 530. 
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body, and in addition, another set of chemical characters entirely 
belonging to itself and indicated by the structure of the head. 


Place of attachment for 
group by which each 
amino-acid differs 
from others 


~ —— 


| 
NH.—C—COOH 


——— 


Ree — 
aon FE pte, 
Amino Acid 
group group 
Fig. 1—Formula of a decapitated amino-acid. 


Our interest centers mainly, however, on the family body and its 
characteristics. Of these we have already mentioned the basic and 
acid properties combined in the single substance. I would call your 
attention to one other, also dependent on the simultaneous presence 
of amino and carboxyl acid groups, and this is the ability of the amino- 
acids to dovetail themselves together and form molecular chains of 
infinite length. It is this ability which makes possible the existence of 
such complex substances as proteins and protoplasm. We have indi- 
cated in Figure 2 the mechanism by which the linking of the units in 
the chain is accomplished. It represents the coupling of two of the 
amino-acids, alanin and glycocoll. We see that the amino group of 
the alanin condenses with the acid group of the glycocoll, with elimi- 
nation of a molecule of water. The result is that the two amino-acids 
are linked together and form a peptid, alanyl-glycocoll, called a 
dipeptid because it contains two amino-acids. This peptid, however, 
like the original amino-acid, still contains one free amino group at one 
end and an acid group at the other. It can therefore couple on 
another amino-acid at either end. These could still condense with two 
more, and so on ad infinitum. Protein molecules are chains composed 
of scores or hundreds of amino-acids joined together in this way. 

CH, H CH, H 


| 


H 
HOOC—C—N +HOOC—C—NH:-=HOOC—C—NH—CO—C—NH: 
MI 4 


H H 
Alanin + glycocoll Alanyl — glycocoll 
minus H:O 
Fig. 2—Coupling of the amino-acids, alanin and glycocoll, to form the 
dipeptid, alanyl-glycocoll. 


When proteins are hydrolyzed, or digested, by trypsin, for exam- 
ple, the links of the chain are broken apart and we have, first, some- 
what shorter chains, the albumoses; then still shorter chains, the pep- 
tones, which are mixtures of peptids, and finally the separate amino- 
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acids. This successive breaking down of the long chain into shorter 
chains and finally into the separate links constitutes the process of 
digestion. The building up of new protein consists of the reverse, 
namely, the linking together of the amino-acids into new chains. 

To show at the same time the nature of the protein structure and 
of the different amino-acids which take part in it, I have placed in 
Figure 3 the structural formula of an imaginary protein containing one 
molecule of each of the eighteen known amino-acids. We see along 
the bottom of the row the repetition of the familiar family body, the 
central carbon atom flanked in each case by the accompanying amino 
and acid groups. Above, however, we have the individual heads of 
the different units in great variety. We might liken the protein chain 
to a long train of automobiles, all with small, black, uniform bodies, 
but with tops of eighteen different shapes, and of three different 
colors, according to whether the properties they carry are acid, basic, 
or neutral. It will be noted that among the amino-acids the neutral 
party is in the great majority, which fact accounts in part for the 
approximately neutral reaction of most proteins. 

Whenever a peptid linking in the protein chain is broken by 
hydrolysis, we have at once one amino group and one acid group set 
free. Chemically stated, the hydrolysis or digestion of a protein con- 
sists in the splitting of some or all of the peptid linkings between its 
amino-acids, with the formation of new acid and amino groups in 
exact proportion to the extent of the digestion. In order to determine 
the occurrence and extent of digestion with exactness, therefore, we 
must determine either the amino groups or the acid carboxyl groups 
that are formed by the process. Only by such means can we obtain 
results capable of exact chemical interpretation. The various physical 
methods of colloid coagulation, viscosity determinations, precipitation, 
etc., useful though they have been, are only rough and indirect 
measures of the chemical process which constitutes digestion. For 
a direct measure we must determine either the amino or the acid 
groups which are set free. Furthermore, our only chemical means 
for estimating the complexity of any intermediate product, such as a 
peptone or albumose, lie in determining the ratio between the free 
amino or acid groups which it possesses and those which are found 
after it has been completely hydrolyzed. Thus, the amino nitrogen of 
a dipeptid, composed of two amino-acids, is doubled by hydrolysis, 
that of a tripeptid is tripled, of a tertrapeptid quadrupled, etc. 

All of the above facts concerning the relationship between the 
progress of digestion and the uncovering of amino and carboxyl groups 
were recognized over ten years ago, as soon as Emil Fischer’ had 
demonstrated the peptid nature of the protein molecule. As the result 
of this knowledge, the desirability for quantitative methods for the 
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determination of either amino or carboxyl groups became evident. 
As generally occurs, when the need became clear, the methods were 
invented. As the use of these methods is most intimately connected 
with the experimental work of which I shall speak, I shall stop here 
for a moment to discuss the two which have found most general 
application. 

The first was published by Soerensen in 1908.*. It was based on 
the fact, discovered by Schiff,* that formaldehyde added to the water 
solution of an amino-acid combines with the amino group, and that 
in consequence the amino group loses its alkalinity. As the formal- 
dehyd itself is neutral, the effect of the reaction is to reduce the 
amount of titratable alkali, or increase the titratable acid by an amount 
equivalent to the amino nitrogen present: Soerensen tested this 
method with practically all the known amino-acids, and worked out 
the details necessary for attainment of the most accurate results. In 
brief, the formaldehyd titration of Soerensen is performed by render- 
ing the solution of amino-acid neutral to litmus, adding formaldehyde, 
and then titrating against phenolphthalein the acid which has been set 
free by the removal of the alkaline capacity of the amino groups. The 
ingenuity and simplicity of this method led to its immediate adoption 
by biologic chemists, and many investigations of value have already 
been conducted with it. 

The second method was published by myself in 1909.* It rested 
on the well-known reaction of amins with nitrous acid, as the result 
of which the nitrogen of the amino group is transformed into nitrogen 
gas. In order to determine the amount of amino nitrogen present, 
therefore, one has merely to add nitrous acid and measure the volume 
of nitrogen gas which is set free by the reaction. The principle is 
similar to that of urea determination by the hypobromite method. 
We were able so to fix conditions that the reaction is complete in 
three minutes. A considerable amount of nitric oxid gas is evolved 
by spontaneous decomposition of the nitrous acid, and this gas is used 
to drive the air out of the apparatus before the amino-acid solution is 
admitted. At the end of the reaction the nitric oxid is absorbed by 
permanganate solution, and the pure nitrogen gas given off by the 
amino group is measured. 

In the apparatus which finally proved the most convenient the 
entire process can be carried out in a few minutes and results obtained 


2. Soerensen, S. P. L.: Enzyme Studien, Biochem. Ztschr., 1908, 7, 44. 

3. Schiff, Hugo: Ann. d. Chem., 1900, 348, 59. 

4. The principle of the method and the first form of the apparatus were 
described in the Proc. Soc. Exper. Biol. and Med., Dec. 15, 1909. Details, 
improvements, and applications to micro-analysis have been described in the 
Jour. Biol. Chem., 1911, 9, 85; ibid., 1912, 12, 275; ibid., 1913, 16, 121; ibid., 
1915, 23, 407. 
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with a high degree of accuracy. As compared with the formaldehyd 
titration, the nitrous acid method has the disadvantage that it requires 
a special apparatus. It has several advantages, however, in that the 
readings can be made with a higher degree of accuracy, that the deter- 
mination is not interfered with by the presence of colored substances 
in the solution, and that accurate results can be obtained with 
extremely small amounts of material. With a micro-apparatus read-, 
ings significant to 0.001 mg. of amino nitrogen can be obtained, while 
0.25 mg. is as small an amount as can be determined by the formal- 
dehyd method. Because of these advantages, which were important 
in the conditions under which we worked, we have used the nitrous 
acid method in our own investigations on the fate of protein digestion 
products in the body. 

The table gives an idea of the nature of the results obtained in 
following the course of a protein digestion. It will be noted that 
there is a slight amount of amino nitrogen present before any diges- 
tion has occurred. This is due to the fact that one of the two amino 
groups of the lysin is free in the protein molecule. This was demon- 
strated in our laboratory by Birchard,® who showed that in a representa- 
tive series of proteins an amount of free amino nitrogen equal in all 
cases to half the lysin nitrogen could be demonstrated by the nitrous 
acid method. It will be noted in Figure 3 that one amino group in 
the guanidin nucleus of arginin is also free. This guanidin NH,, 
for an unexplainable reason, however, fails to give some of the charac- 
teristic reactions of amino groups in general. It does not react with 
nitrous acid, or with formaldehyd in the Sorensen titration, and 
therefore is responsible for none of the free amino nitrogen that is 
noted in the protein even before digestion has begun. 


INcREASE oF AmINo NitrocGeEN During Trypric DIGESTION oF 
4 Per Cent. Epestin Soivution 
C.c. of N Gas Per Cent. of 
Hours from 10 C.c. Solution Hydrolysis 
0 1.20 0 
2 7.62 148 
4 8.92 18.2 
20 12.62 27.4 
19.56 47.3 
Complete 


hydrolysis 40.25 100 
with HCl 
The foregoing finishes our discussion of the organic chem- 
istry of the amino-acids and the methods used for their determination 
We shall now turn our attention to a study of the fate of protein diges- 
tion products in the body. This study has been guided by the concep- 
tion of the relationship between proteins and amino-acids, which I 


5. Van Slyke and Birchard: Jour. Biol. Chem., 1914, 16, 539. 
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have just outlined, and was carried out to a large extent with the aid 
of the nitrous acid method for the experimental investigation of that 


relationship. 
PHYSIOLOGY OF THE AMINO-ACIDS 


At the time these investigations were begun the old Liebig theory 
of protein metabolism had already long been abandoned, and in place 
of it there was considerable confusion. Liebig’s belief was very 
simple. He thought that the food proteins were incorporated directly 
into the tissues of the animal. The only necessary preparation was 
that of putting the proteins into solution in order that they might be 
absorbed, and this purely physical change was the sole object of diges- 
tion. The better understanding of gastric digestion, Kiihne’s* discov- 
ery of trypsin, and finally Cohnheim’s’ demonstration of the action 
of erepsin in reducing proteoses to amino-acids, led inevitably to the 
conclusion that food proteins undergo not only physical but also chem- 
ical change in the alimentary canal, namely, that digestion is a hydrol- 
ysis, and that the hydrolysis proceeds partially, if not entirely, to the 
stage of amino-acids before the products are absorbed. 

The results of a century of laborious research by many keen inves- 
tigators from Spallanzani and Beaumont to Cohnheim may be sum- 
marized as follows: The proteins enter the stomach and are digested 
to the stage of albumoses; that is, the long protein chain of amino- 
acids is broken into somewhat shorter, but still very long chains, and 
thereby the protein, which is usually insoluble, is transformed into 
soluble albumoses. The latter are not absorbed, however. London,® 
working in St. Petersburg, has shown conclusively that no absorption 
takes place from the stomach during normal digestion. The albumoses 
all pass down into the intestine, where they meet the pancreatic juice 
and are split, partly into short chains of two or three amino-acids each, 
and partly entirely to free amino-acids. That free amino-acids con- 
stitute a considerable part of the products of intestinal digestion was 
demonstrated by Abderhalden,’ who isolated most of the known amino- 
acids from intestinal contents. That the entire mass of products, aside 
trom the free amino-acids, consists of short chain peptids was shown 
by White and myself*® with the nitrous acid method in the case of one 
of the lower animals, the dogfish. This work was done in 1910 at 
Woods Hole. Shortly after, London, by means of the formaldehyd 
titration, obtained results of the same nature with dogs." Finally, 


6. Kiithne: Virchows Arch. f. path. Anat., 1867, 39, 130. 

7. Cohnheim: Ztschr. f. physiol. Chem., 1901, 33, 451. 

8. London: Ztschr. f. physio! Chem., 1913, 87, 313. 

9. Abderhalden: Ztschr. f. physiol. Chem., 1912, 78, 382. 

10. Van Slyke and White: Jour. Biol. Chem., 1911, 9, 209. 

11. London and Rabinowitsch: Ztschr. f. physiol. Chem., 1912, 74, 305. 
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either before or after entering the intestinal wall, the products encoun- 
ter a third hydrolytic enzyme, erepsin, which is capable of carrying 
the hydrolysis to the stage of amino-acids still nearer completion. 

You will note that the above summary, which indicates the stage 
of our knowledge five years ago concerning the mechanism of protein 
nutrition, stops short against the intestinal wall. This was, as a matter 
of fact, the place where facts ceased and theories began. What hap- 
pened to the amino-acids and peptids after they were absorbed from the 
intestine was not known. Neither amino-acids nor peptids could be 
detected in the blood. As the veteran Pfliiger pointed out, the failure 
to detect either amino-acids or peptids in the circulation might well 
be due to a lack of sufficiently delicate methods, for the flow of portal 
blood is so fast that even a maximum absorption of nitrogen might 
cause but a very small concentration in the blood at any given moment. 
Folin,” in his classic paper on the theory of protein metabolism, pub- 
lished eleven years ago, took the same stand. In order to fill the gap 
in experimental results, however, other authors proposed two theories : 
(1) The amino-acids are decomposed into ammonia and nonnitroge- 
nous residues while passing the intestinal wall; (2) they are synthesized 
into blood protein. The latter theory, it will be noted, was particularly 
convenient, because it not only explained the failure to find amino- 
acids in the blood, but also gave the source of the blood proteins. It 
was especially championed by Abderhalden. 

The development of adequate methods, however, showed that 
Pfliger and Folin were right, and both of the above explanatory 
theories became unnecessary. The first theory received its death blow 
at the hands of Folin.** With the extremely delicate colorimetric 
method for the determination of ammonia. which he devised, he was 
able to show that absorption of amino-acids from the intestine is 
accompanied by no increase whatever in the ammonia of the portal 
blood. When put to the rigid test of quantitative experiment, the 
deaminizing ability of the intestine vanished into thin air. 

The fate of the resynthesis theory was similar. The sole founda- 
tion on which it rested was the negative results of attempts to find in 
the blood digestion products, either peptones or amino-acids. As 
soon as quantitative methods, namely, the formaldehyd titration and 
the nitrous acid method, were applied, however, it was shown by 
investigators working independently with each that the blood does 
contain amino-acids and that they increase markedly during digestion. 
This was shown by Delaunay,’* working in Bordeaux, with the for- 


12. Folin: Am. Jour. Physiol., 1905, 18, 117. 

13. Folin and Denis: Jour. Biol. Chem., 1912, 9, 246. 

14. Delaunay: Thése de Bordeaux, 1910; Abstr. Arch. d. mal. de lap. dig. 
et de la nutr., 1911, 5, 218. 
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maldehyd method, and by Meyer and myself*® in the Rockefeller 
Institute with the nitrous acid method. The normal amino-acid con- 
centration in the blood of both dogs and men is about that of sugar, 
about 0.1 per cent., and it may in dogs be nearly doubled in the portal 
blood as a result of a heavy protein meal. 

The force of these results was further strengthened by Abel, 
Rowntree, and Turner’* in their remarkable experiments with vivi- 
diffusion. These experimenters passed the blood of living dogs 
through collodion tubes immersed in salt solution, into which the non- 
colloid substances of the blood diffused. From the diffusing sub- 
stances thus obtained they were able to separate in pure condition 
and identify several of the individual amino-acids. Abderhalden then 
also applied dialysis to blood and was able to obtain most of the amino- 
acids in sufficient amounts to identify them. 

After entering the circulation, amino-acids disappear from it again 
very quickly. Within ‘five minutes after 12 gm. of alanin had been 
injected into the vein of a dog, 90 per cent. had disappeared from the 
circulation. A similarly rapid removal must occur during digestion, 
otherwise amino-acids would accumulate in much larger amounts in 
the blood than we observe. The question then naturally raised itself 
as to what becomes of the amino-acids when they vanish from the 
circulation. Are they decomposed in the blood ; are they at once some- 
where synthesized into new protein; are they chemically incorporated 
into the complex molecules of the tissue protein; or are they merely 
absorbed by the tissues in general or by certain tissues in particular 
without undergoing any immediate change? 

Analysis of the tissues of dogs which had received intravenous 
injections of known amounts of amino-acids answered these questions 
in favor of physical absorption.*” In one experiment, which will serve 
as an example, the amount of amino nitrogen injected in the form of 
hydrolyzed casein was sufficient, if distributed evenly throughout the 
body, to raise the average amino nitrogen content of the tissues 40 mg. 
per 100 gm. of tissue. The increases actually noted were muscles, 
27 mg. ; liver, 60 mg. ; kidney, 60 mg. ; intestinal wall, 50 mg. That the 
absorbed amino-acids could not have been in even loose chemical com- 
bination in the tissues was shown by the fact that they could be 
extracted by such mild agents as water, hot or cold, or dilute alcohol. 
They must have been held merely by physical forces. 

The tissues, despite the great rapidity with which they absorbed 
amino-acids from the blood, never removed them from it completely. 


15. Van Slyke and Meyer: Jour. Biol. Chem., 1912, 12, 399. 
16. Abel, Rowntree, and Turner: Jour. Pharmacol. Exper. Therap., 1914, 
5, 275. 
17. Van Slyke and Meyer: Jour. Biol. Chem., 1913, 16, 197 





























VAN SLYKE—AMINO-ACIDS 65 


An equilibrium is reached when, stated very roughly, the tissues con- 
tain about ten times the percentage of amino-acid present in the blood. 
From the fact that they are so much more concentrated in the tissues 
than in blood it is evident that the process by which they are picked 
out of the circulation is not a mere diffusion. If it were, we should 
find approximately equal concentration in both tissues and blood. The 
physical process by which the exchange between blood and tissues is 
carried out has not yet been definitely classified with any of the phys- 
ical or physicochemical phenomena with which we are familiar. Until 
it is explained by such classification we cover our ignorance of the 
real nature of the process by giving it the general name, “absorption.” 
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Fig. 4.—The amino-acid content of the blood during fasting and protein 
digestion; average of results from six fasting and six digesting dogs. 


We have now followed the protein digestion products, that is, the 
amino-acids, from the alimentary tract past the wall of the intestine 
into the blood stream and from the blood stream into the tissues. But 
we have yet reached only a temporary stopping place. Most of the 
protein nitrogen in the daily diet of an adult is excreted within twenty- 
four hours as urea; and Levene and Kober** found that when single 
amino-acids were fed to dogs they were excreted entirely as urea. It 
is evident that whatever stopping place the greater part of these 
products find in the tissues is only a temporary refuge preliminary to 
their speedy destruction and elimination. 

Present knowledge points to the liver as the organ which is most 
active both in absorbing amino-acids from the blood stream during 


18. Levene and Kober: Am. Jour. Physiol., 1908, 23, 324. 
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normal digestion and in submitting them to the preliminary chemical 
alterations which precede elimination as urea or storage as reserve 
protein. Figure 4 shows that during digestion there is a greater fall 
in amino nitrogen during the passage of the liver (difference between 
portal and hepatic blood) than during passage through the entire 
remainder of the body (difference between arterial and vena cava 
blood). The liver is the organ to which the portal blood first comes 
with its newly acquired amino-acids and it is the liver that takes the 
lion’s share of them. It follows as a necessary corollary that the liver 
must either store immense amounts of them after a heavy protein meal, 
or must quickly transform them, either into urea for elimination, or 
into reserve protein for storage. 
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Fig. 5—The absorption and retention, by different tissues, of amino-acids 
injected intravenously. 


Further experiments have shown that the liver does not store 
amino-acids as such to an appreciable extent. Chemical transforma- 
tion follows very quickly after absorption. This was shown in three 
different ways: 

First, the tissues of dogs in fasting condition were compared in 
respect to their amino-acid content with those of dogs which were 
digesting or had digested large amounts of protein. It was found that 
neither the livers nor other tissues of the fed animals contained a 
definitely greater store of amino-acids than did the tissues of the fast- 
ing animals. The digesting dogs must have either destroyed or con- 
densed into protein practically all the amino-acids which they absorbed, 
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and have done so at a rate which was nearly parallel with that of 
absorption. 

Second (Fig. 5), dogs were injected intravenously with such 
amounts of amino-acids that the amino nitrogen content of all the 
tissues was raised considerably. Samples of muscular tissue, a lobe 
of the liver, and a kidney, were taken immediately after the injection, 
and again three or four hours later, the animals being kept under ether 
anesthesia by the Meltzer-Auer insufflation method. It was found that 
whereas the muscles and kidney still held after four hours all the 
amino-acids which they had absorbed, those taken up by the liver had 
disappeared. They had not been excreted, and there was no reason 
for assuming that they had been transferred to any other organ. The 
disappearance of the liver amino-acids was accompanied by a rise in 
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Fig. 6—The blood urea during fasting and protein digestion; average of 
results from six fasting and six digesting dogs. 
the blood urea. The conclusion seemed justified that the liver can 
destroy amino-acids at a rate very much greater than the muscles and 
that at least a portion of the nitrogen of the amino-acids disappearing 
from the liver is converted into urea. 

Third, comparison of Figures 4 and 6 shows that the blood in pass- 
ing through the liver takes from it about as much nitrogen in the form 
of urea as it gives to it in the form of amino-acids. 

All the above experiments emphasize the activity of the liver in 
metabolizing amino-acids, from which it produces urea, apparently the 
most abundant product. 

On the other hand, however, it does not appear that urea formation 
is a process entirely confined to the liver. Folin’s collaborators, Fiske 
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and Summer,’® have observed an increase in the blood urea when the 
liver was cut out of the circulation. Nencki and Pavlov® in 1893 
showed that a dog deprived of its liver could still form and excrete 
urea, though in decreased amounts. It appears therefore that present 
experimental results may be interpreted by stating that the most active 
center of amino-acid transformation, and of urea formation, appears 
to be the liver, but that the localization of the function is not absolute, 
and these processes also occur to some extent in other organs. 

The next question to be raised is, does the liver, during the diges- 
tion of a protein meal, wait till the other tissues are saturated with 
amino-acids, and then begin to destroy the unnecessary excess, which 
is not needed by the organism, or does it begin to destroy the first that 
reach it in the portal blood? Unreasonable as it may seem, the latter 
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Fig. 7—Time curve of blood urea changes during protein digestion. 


behavior is what we observe. In order to test this point urea deter- 
minations were made at short intervals on blood from dogs which, after 
two days’ fast, had received heavy meals of meat. It was found in 
all cases that the urea began to rise almost immediately after the meat 
was consumed. There was no interval of waiting commensurate with 
what might be expected if urea formation were delayed until after 
the tissues in general had replenished their store of amino-acids. It 
was furthermore shown by roentgenograms that the blood urea began 
to rise at almost the minute the first particle of food passed from the 
stomach into the duodenum. Since London has shown that no absorp- 
tion occurs until the chyme enters the intestine, our results indicate 


19.:Fiske and Summer: Jour. Biol. Chem., 1914, 18, 285. 
20. Nencki and Pavlov: Arch. f. Exper. Path. u. Pharmakol., 1897, 38, 215. 
215. 
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that the very advance guard of amino-acids entering the blood after a 
protein meal is, in part at least, immediately turned into urea. The 
interval between feeding and the beginning of urea formation is so 
short that this conclusion would really be forced on us, even without 
the Roentgen-ray evidence. Unreasonable as it appears, the organism 
does not wait until it has absorbed sufficient protein digestion products 
to meet its immediate requirements, and thereafter begin to turn the 
surplus into urea. The very beginning of absorpfion stimulates the 
urea forming function into activity. This behavior explains the fact 
that no matter how depleted by disease or hunger the tissues of an 
individual may be, the greater part of the protein nitrogen which he 
may subsequently consume is excreted as urea, only a small portion 
being retained to rebuild the wasted tissues. 

That urea is the form taken by all of the amino-acid nitrogen which 
disappears in the liver does not absolutely follow from our results. 
Pfliiger was of the opinion that the liver cells store reserve protein 
from the food, just as they store reserve carbohydrate in the form of 
glycogen. Our results do not at present exclude this possibility. In 
order to do so, we should have to prove that the liver gives out as 
urea an amount of nitrogen exactly equal to that which it absorbs as 
amino-acid, and our experimental technic does not yet enable us to 
say whether or not this is the case. The analytic methods are adequate, 
but the fact that the amino-acids are held for a certain time before 
they are destroyed and that the urea also may not pass instantly from 
the liver tissue to the hepatic vein makes the striking of an exact 
balance between amino-acid intake and urea outgo a matter of experi- 
mental difficulty which has not yet been overcome. The possibility, 
therefore, remains open, though certainly not proved, that some of the 
amino-acids may be converted by the liver into a form of reserve 
protein which is stored like glycogen. 

A word as to the significance of the free amino-acids which are 
stored as such by the tissues. They normally amount to from 2 to 4 
per cent. of the dry weight of the various organs and might be regarded 
as a form of reserve food. That they are so in the same sense as fat 
and the glycogen, however, is not the case. The reserve food supplies 
disappear during a prolonged fast. This occurs with glycogen and fat. 
It does not occur, even to a slight extent, with the amino-acids. If 
anything, they are slightly more abundant in the tissues of a fasting 
animal than in those of one in a state of normal nutrition." I believe 
that the explanation is that the free amino-acids, in the tissues as in the 
blood, are merely transitory bodies in either the building up or the 
breaking down of body proteins. That all the amino-acids in the 


21. Van Slyke and Meyer: Jour. Biol. Chem., 1913, 16, 231. 
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muscles of a well-nourished animal may have been immediately derived 
from food proteins is easily believable. When, however, after a fort- 
night’s fasting we find an equal or greater supply of free amino nitro- 
gen in the muscles, we must attribute the source in this case to autolysis 
of the visibly disappearing tissues themselves. The free amino-acids 
are there, both in blood and tissues, because they are intermediate steps 
in the never-ending processes of the building up and the breaking down 
of living protein. * 

We may, perhaps, most easily summarize the facts which have been 
' brought out by tracing an amino-acid through the body as follows: 
Entering the alimentary tract as part of a protein molecule, it is set 
free by digestive hydrolysis and passes into the portal blood stream. 
It may be at once picked up by the liver and decomposed into urea, or 
perhaps synthesized into reserve protein. It may, however, pass by 
the liver and be absorbed from the blood by one of the other tissues. 
Here it may remain for a time before being incorporated into the tissue 
protein. The fact that a considerable store of amino-acids is always 
found in the tissues is proof that chemical incorporation does not 
instantly follow absorption from the blood stream. After a period of 
time, concerning the length of which we are absolutely ignorant, the 
tissue autolyzes, and the amino-acid returns to the depot of free amino- 
acids held by the tissue. From this depot it may pass back into the 
blood, be taken out by the liver, and destroyed. Or it may be reincar- 
nated into a new protein in some other organ. 

We have hitherto dealt with the physiology of the amino-acids 
without any recognition of the differences between the individual mem- 
bers of the family. Whether we are concerned with their condensation 
into body proteins or the manner in which, not being so condensed, 
they are destroyed, the individuality of the different amino-acids plays 
a most important role. 

Let us consider briefly the indispensability of the different amino- 
acids for the nutrition of the body. All of the amino-acids which are 
known to occur in the native proteins enter into the structure of living 
protoplasm. The bacterium can synthesize them all from ammonia 
and sugar. Loeb has recently presented evidence that even lower 
animals, such as the banana fly, can also synthesize all of their amino- 
acids.** The higher animals can synthesize some, but must be supplied 
with others. One of the vital questions of physiology today is: “Which 
amino acids can the mammalian body synthesize for itself, and which 
must be supplied ready made to it in its food?” The first even partial 
success in answering this question with experimental evidence was 
obtained by Hopkins** of Cambridge, England. He fed mice with food 


22. Loeb, Jacques: Jour. Biol. Chem., 1915, 23, 431. 
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VAN SLYKE—AMINO-ACIDS 71 


which contained as its sole nitrogenous constituent the corn protein, 
zein. Zein contains no tryptophan. Eighty per cent. of the mice died 
within twenty days. When, however, tryptophan was added to the 
diet, only one fifth of the mice died within twenty days, and most of 
them lived for over a month. Therefore it appeared, as has since been 
more rigidly proved, that tryptophan is one of the amino-acids which 
cannot be made in the body, but must be supplied in the food. 

The study of the nutritional function of the individual amino-acids 
opened by Hopkins’ pioneer investigation has been developed by our 
own chemists, Osborne and Mendel,?* who have studied the problem 
with a monumental attention to detail in the care, control, and even 
breeding of the rats used as experimental animals, in the accuracy 
with which the chemical composition of the food utilized was controlled, 
and in the wealth of experimental evidence with which point after point 
in the field has been settled. Professor Mendel himself has recently 
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Fig. 8—Effect of adding lysin and tryptophan to a diet deficient in these 
amino-acids. 


discussed the work before the Harvey Society, and it is mentioned 
here only because a paper on the physiology of the amino-acids would 
be incomplete without it. I have reproduced one of the hundreds of 
curves of growth which Osborne and Mendel have published. This 
curve forms, in a way, a connecting link between Hopkins’ work and 
theirs. It shows why the mice which Hopkins fed with zein plus 
tryptophan lived only a little longer than those which received zein 
alone. The rat whose weight curve is shown (Fig. 8) received at first, 
like Hopkins’ mice, a diet containing zein plus tryptophan as the sole 
nitrogenous constituents. During this period, although the animal was 
immature and should have been growing, his weight fell steadily. After 
ninety days another amino-acid, lysin, was added to the diet. Zein is 
lacking in lysin as well as tryptophan. The effect of making good both 
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these deficits is shown by the immediate resumption of practically 
normal growth. Osborne and Mendel have proved beyond a doubt by 
such experiments that both lysin and tryptophan must be supplied to 
the higher animals in their food, since neither is synthesized in the 
animal body. A third amino-acid in the indispensable class is cystin, 
and metabolism experiments by Abderhalden* indicate that tyrosin is 
a fourth. That future work will answer the question concerning the 
synthetic power of the body for other amino-acids may be expected 
with confidence. 

That even the higher animals still retain the ability to synthesize the 
simplest of the amino-acids, glycocoll, is certain. The excretion of 
glycocoll can be stimulated by feeding benzoic acid. Instead of neu- 
tralizing it with ammonia, as it does with most other acids, the body 
condenses benzoic with glycocoll to form hippuric acid, in which form 
it is excreted. Magnus-Levy** found that by feeding rabbits large 
amounts of benzoic acid he could make them excrete more glycocoll in 
the form of hippuric acid than they possessed, either free or combined, 
in their entire bodies. This proved that they were able to manufacture 
glycocoll out of other nitrogenous substances. Osborne and Mendel 
have also found in their feeding experiments that glycocol]l does not 
need to be fed in order to maintain growth, the rat being able to synthe- 
size the amounts necessary for its growing tissue out of other nitroge- 
nous substances. Whether any of the other amino-acids can be synthe- 
sized like glycocoll is uncertain. The field, the enormous importance 
of which from both the practical and scientific standpoints is self- 
evident, may be said to be still thirteen-eighteenths virgin ; concerning 
thirteen of the eighteen amino-acids we have no conclusive knowledge 
as to whether we can synthesize them in our bodies or must depend on 
plants to furnish them for us. 

A discussion of the physiology of the amino-acids would not be 
complete without a word also concerning the manner in which those 
not incorporated by the body are broken down and in part cast out (as 
urea), in part burned or stored like fat or carbohydrate for their 
energy. The three men whose researches entitle them to speak with 
most authority in this field are Lusk, Dakin and Knoop. Knoop came 
from Freiburg three years ago to deliver a Harvey Lecture on this 
subject, and, as our city is fortunate in claiming both Dakin and Lusk 
we either have heard or may reasonably hope to hear from them 
both the stories of their own researches. I will, therefore, attempt 
to indicate only in the most general way the manner in which the 
body is believed to dispose of its unincorporated amino-acids. The 
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first step is the splitting off of the amino group, which yields 
ammonia and a hydroxy acid, a hydroxyl group replacing the amino 
group of the amino-acid. The ammonia is turned into urea. 
The nonnitrogenous substance left after the amino group is split off 
from the amino-acid is a fatty acid, and is dealt with accordingly. 
Varying with their structure, some of the amino-acids yield fatty acids 
which can be converted into glucose by the body, while others do not. 
Nearly the entire series of amino-acids has been tested in this respect 
by either Lusk or Dakin. The substances were either fed to phlorizin- 
ized dogs, whose urine was then analyzed for glucose, into which they 
turn everything that is physiologically capable of being turned into 
glucose; or the amino-acids were perfused through surviving livers 
and the perfusion fluid was analyzed for glucose. The results are indi- 
cated by the plus and minus signs on the line at the bottom of Figure 3. 
The fact that half the amino-acids are glucose formers explains why 
diabetics can form sugar from protein as well as from carbohydrate. 
The fact that acetone bodies are formed from several amino-acids 
explains why diabetics may develop acidosis on a protein diet, or even 
when living on the proteins of their own tissues. 

The nature of the fatty acid radicals left when the amino groups 
are removed from the amino-acids is also used by Lusk*’ to explain 
the specific dynamic action of the proteins, their ability so to stimulate 
the metabolism that the rate of heat formation in the body is acceler- 
ated. The amino-acids themselves cannot be responsible for this effect, 
because their concentration in the body is so well regulated, presumably 
by the liver, that no great fluctuations ordinarily occur, even after 
heavy consumption of protein. The stimulated heat production which 
Lusk and DuBois have discovered after the feeding of either protein 
or of amino-acids must, therefore, be cue to their decomposition 
products, presumably the fatty acids that are formed by deamination, 
and the differences in the heat-stimulating effects of the different 
amino-acids are due to their individual differences, as indicated by the 
varying shapes of their structural heads. 


PATHOLOGY OF THE AMINO-ACIDS 


We now come to the significance of the amino-acids in pathology. 
The blood and urine have been investigated in regard to their amino- 
acid content for the purpose of diagnosing or explaining pathologic 
conditions which may be divided into two classes : 

1. Those in which the normal function of catabolizing the amino- 
acids is injured. From the view that the liver is especially responsible 
for the conversion of the excess products of protein digestion into urea, 
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it would logically follow that serious injury to this organ should result 
in a higher amino-acid content of the blood, and perhaps the urine. 
Consequently amino-acids have been sought for by a number of inves- 
tigators both as diagnostic indications and as toxic agents in liver 
atrophy, in conditions which involve visible injury to the liver, such as 
toxemia of pregnancy, and in conditions which are presumably accom- 
panied or caused by decreased liver function, of which diabetes is an 
example. 

2. In the second type of abnormal condition in which amino-acid 
determinations have been called to the aid of the diagnostician, specific 
ferments are supposed to be formed within the body which are capable 
of hydrolyzing tissues of an abnormal pathologic nature, thereby form- 
ing, either in vivo or in vitro, amino-acids from such tissues. The 
action of such specific ferments in vitro on the particular tissues toward 
which their activity is directed constitutes the Abderhalden reaction, 
which has been of late so largely in the public eye. Dr. Losee of the 
Lying-In Hospital, Mrs. Vinograd-Villchur and I have devoted nearly 
a year of time that might otherwise have been valuable to this reaction, 
and I shall consequently devote a moment to it here. 

The Abderhalden reaction is based on the belief that when foreign 
proteins enter the blood stream the body cells elaborate and pour into 
the circulation enzymes which are capable of hydrolyzing the invading 
protein and none other. This idea was extended to include the proteins 
of abnormal tissues produced within the body itself. Thus, the epi- 
thelial cells of the placenta of a pregnant woman are supposed to 
wander into the blood stream and thereby stimulate the production of 
enzymes which can hydrolyze only the proteins ‘of placenta tissue. 
Similarly, cancer cells are supposed to cause the production of enzymes 
capable of hydrolyzing only cancer tissue. The idea has been extended 
by various investigators to such an extent that, to judge from the 
claims made for the Abderhalden reaction, all that is necessary in order 
to settle a difficult diagnosis is to mix a little of the patient’s serum 
with samples of tissue from all the suspected organs of the body, and 
the serum will infallibly pick out and digest the tissue from the affected 
part, leaving the other tissues unaltered. In justice to Abderhalden, 
it must be stated that his claims have never been so sweeping as those 
of some of his satellites. 

A great controversy arose over the Abderhalden reaction, 
some investigators reporting their results with enthusiasm, while 
others failed entirely, and still others took a middle course and 
utilized the customary safety-first formula to the effect that there 
was evidently something in the reaction, but that results must be 
accepted with caution. It appeared to us that the matter might be 
settled decisively if, instead of the rather uncertain color reaction with 
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ninhydrin to detect the amino-acids resulting from digestion of the 
specific tissue, an accurate quantitative method were applied. And the 
nitrous acid reaction because of its combined accuracy and specificity 
for amino groups, seemed to offer par excellence such a method. After 
preliminary experiments to ascertain the most satisfactory way in 
which to apply it, we finally settled on the following simple technic. 
Two c.c. of serum are incubated with placenta, as described by Abder- 
halden, and the undigested proteins are then removed by precipitation 
with colloidal iron. A control portion of serum is incubated and pre- 
cipitated in the same way, but without placenta. The amino nitrogen 
is then determined in both protein-free filtrates. The increase in the 
nitrogen gas from the serum plus placenta over the nitrogen from 
serum alone indicates the extent of digestion that has taken place. The 
results could be obtained with great accuracy, and the increases 
observed were many times larger than the experimental error. Con- 
sequently we believed that we were successful in excluding such error 
as a factor in interpreting the results. In order to give the reaction 
the fairest test possible we utilized it only as a test for pregnancy, and 
the controls were normal men and women, not nonpregnant hospital 
patients. We made several hundred analyses, but the nature of all 
the results is completely indicated by Figure 9. Both normal serums 
and serums from pregnant women show a measurable amount of diges- 
tive activity, and the results with both vary over practically the same 
range. A slightly higher average obtained with serums from pregnant 
women may explain the fact that some honest investigators have been 
led to believe that if they could eliminate their own errors they would 
find the reaction all that had been claimed for it. But even the differ- 
ence in averages is not significant, and the individual results from 
perfectly normal subjects cover practically the same range as those 
from pregnant women.** Entirely similar results were obtained by 
Isaac Levin and myself® in attempting to apply the reaction to cancer 
diagnosis. 

We finally come to attempts to detect by amino-acid determination 
conditions involving impaired liver function. That tyrosin may be 
found in the urine in acute yellow atrophy is the classical fact in this 
field. The more the problem is studied with quantitative methods, the 
more it appears, however, that the liver injury must be extreme before 
it can cause unusual accumulation or excretion of amino-acids. Soon 
after the nitrous acid method was perfected I determined the amino 
nitrogen in the urine of dogs which Drs. Dochez and Opee had treated 
with chloroform and phosphorus, and was greatly surprised to find no 
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increase in the percentage of amino nitrogen, despite the fact that 
necropsy showed extreme liver degeneration. More recently Marshall 
and Rowntree*® have found that the urine of such dogs, if taken imme- 
diately before death occurs, does show an increase in amino nitrogen, 
and that a still greater increase occurs at this time in the blood. It 
is evident, however, that in dogs at least the liver injury must be most 
severe in order to affect the amino-acid content of the blood or urine. 
That it must be equally severe in man does not necessarily follow. 
Chesney, Marshall and Rowntree*™ report that a considerable propor- 
tion of patients with impaired liver function showed abnormally high 
amino-acid nitrogen in the blood. Consequently, although it cannot be 
said that the amino nitrogen determination in either blood or urine 
offers at present much assistance to the diagnostician of diseased livers, 
it may be possible that the very constancy of the amino-nitrogen figure 
under .almost all conditions will enhance its diagnostic value for such 
conditions as do affect it. 

That advanced diabetes is such a condition has recently been claimed 
by Cammidge.** According to his view in the milder stages of diabetes 
the body partially loses its ability to burn glucose, but it can still trans- 
form amino-acids into glucose. In the most severe stage, however, 
it cannot even accomplish the preliminary transformation of amino- 
acids into glucose, but excretes large amounts of them unchanged. We 
have performed determinations of amino nitrogen in both blood and 
urine on a considerable number of patients in Dr. Allen’s diabetic clinic 
at the Rockefeller Hospital and have found that urine from certain of 
the patients does show figures distinctly higher than normal. That the 
high figures indicate diabetes of a special gravity, however, we are not 
yet prepared to state. 

We finally come to the toxemias of pregnancy. Ewing and Wolf* 
some years ago showed that the urines in such cases had a decreased 
proportion of urea nitrogen and an increase in the undetermined nitro- 
gen. From this, and from the gross injuries which the liver suffers 
during the toxemia, Ewing and Wolf suggested that the intoxication 
might be due to protein digestion products which the degenerated liver 
could not desamidize, and which caused both the toxic symptoms and 
the increase in the undetermined nitrogen of the urine. The methods 
used for urine analysis were the most complete available at the time 
the work was done, and the hypothesis put forward was certainly rea- 
sonable. However, Dr. Losee and I, in examining both the urine and 
the blood from a considerable number of patients with toxemia of 
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pregnancy, have found in no instance that either blood or urine showed 
an abnormal concentration of amino-acids or of intermediate protein 
digestion products. Consequently, the responsibility for the toxemias 
of pregnancy cannot be left with the amino-acids. I may add that we 
have also tested the hypothesis that acidosis is to blame, with essen- 
tially negative results. We must frankly face the fact that we are 
entirely ignorant concerning the chemical nature of the substances 
which cause these toxemias. 


I must acknowledge the debt to my collaborators, without whom a large part 
of the work would have been impossible. I refer to Dr. Gustav Meyer, who 
collaborated in all the work thus far published, and to Cullen and McLean, 
members of the Rockefeller Hospital staff, to whose efforts are due results that 
have been reported for the first time this evening. 

It is furthermore a pleasure, as well as a duty, to acknowledge my indebted- 
ness to Dr. Levene, for six years my chief at the Rockefeller Institute. The 
work detailed this evening is a direct outgrowth of Levene’s own researches 
on the proteins, was carried out with the constant inspiration of his enthusiasm, 
and help of his counsel, and of his generosity in making available every facility 
which the laboratory afforded, even at times to the delay of his own immediate 
work, the ultimate sacrifice that can be taken from a spirit such as his. 
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In the present paper, the author desires to report a somewhat atyp- 
ical form of progressive muscular dystrophy, rather resembling Erb’s 
infantile type, of extremely benign and slow progress. In the cases 
examined it has occurred as a hereditary affection now in the fourth 
generation. The number of individuals disabled thus far has been 
fourteen. Of the seven living members with the disease, all but two 
have been examined by Roentgen ray, and of these five, four show 
distinct changes in the pineal gland, producing shadows in the roent- 
genogram. The evidence presented by the cases reported in the pres- 
ent paper, together with that of previous communications in this field, 
creates a strong probability of the existence of a close relationship 
between progressive muscular dystrophy and disease of the pineal 
gland. 

In order to understand the evolution that has now placed this dis- 
ease among the endocrinopathies, a rapid survey of the development 
of the syndrome, together with the most important contributions thereto 
in the last few decades, is almost indispensable and is herewith 
included. The cases studied have been placed at my disposal by Dr. 
Pearce Bailey, of the Neurological Institute, and for his valuable sug- 
gestions and actual assistance, I desire to express my appreciation and 
my thanks. 

Historical..—The first observations on muscular atrophies are found 
in Boerhaeve’s Aphorisms (1709), in which Van Swieten mentions the 
involvement of the deltoid and that of the intrinsic hand muscles. 
Later, Charles Bell described syndromes including progressive muscu- 
lar atrophy. But it was reserved for Aran and Duchenne in 1850 to 
give the first good description of progressive muscular atrophy. Fol- 
lowing them, the French physicians called this type of disease “atrophie 
musculaire progressive type Duchenne-Aran.” Shortly thereafter, Cru- 
veilhier, on the basis of a necropsy, stated that the cause of the disease 
lay in abnormality of the spinal gray ; and ever since then the discussion 


* Submitted for publication July 3, 1916. 
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has waxed hot as to whether the lesion is in the spinal cord or in the 
muscles themselves. A third theory explained it as a trophoneurosis 
(Remak, Schneevogt, Jaccoud), with disease of the sympathetic system - 
as a basis. This idea was soon given up. As histologic technic 
improved and positive findings in the spinal cord increased, the sup- 
porters of the myelopathic character of the disease seemed to carry the 
day (Luys, Hayem, Jaffroy and especially Charcot). Charcot, as a 
result of many investigations, declared the large multipolar ganglion 
cells of the anterior horns to be the trophic centers of voluntary muscles 
and that in their alterations the cause of atrophic muscle disease was to 
be found. Duchenne himself, although originally arrayed on the side 
of the myopathic nature of the trouble, came around to Charcot’s view. 
So likewise Erb. In spite of the fact that most neuropathologists 
agreed with Charcot, Friedreich opposed him. In his monograph* of 
1873 the latter defended the myopathic nature of the trouble in many 
cases. Thus, he stated that as a result of successive éxtreme exertions 
in the same muscle groups, especially in a constitutional diathesis 
weakening the muscular system’s resistance, the atrophies occurred. 
He described cases following shortly after typhus, typhoid, measles, 
acute rheumatism, cholera and even after the puerperium, and there- 
upon declared the condition to be one of “polymyositis chronica pro- 
gressiva.” The changes in the anterior horn cells he considered 
secondary to the muscle deterioration. But the majority of neurologists 
stood behind Charcot. Then in 1878 Lichtheim presented a case with 
high-grade atrophy of great extent in which no cord changes were seen 
at all, nor were any evident in the peripheral nerves. Therefore, he 
came to the necessary conclusion that changes in the anterior horn cells 
are not a sine qua non of the condition, and further, that Charcot’s 
theory could not be the true one. Charcot’s preeminence, however, 
still carried the day. Finally, miore recent investigators, after care- 
fully separating all conditions that resembled the progressive muscular 
atrophies, such as poliomyelitis, chronic multiple neuritis, atrophies 
with joint lesions, syringomyelia, and so on, from them, two distinct 
types remained; those that did show spinal cord changes, and those . 
that did not. In 1876 Leyden proposed to separate hereditary forms, 
on account of their etiology and the localization of the atrophies (pelvic 
girdle), from the Duchenne-Aran type, and at the same time he showed 
their resemblance to the hypertrophic type. Lastly, Erb, in 1882, on 
the basis ofa vast variety of cases personally examined by him, 
declared that there were two distinct types of progressive muscuiar 
atrophy, different in their syndrome, localization, evolution, and in their 
objective behavior, as well as in their anatomic foundation; a spinal 
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atrophic form and a muscular dystrophic form. To this differentiation 
even the Charcot School assented. But even here it did not take long 
to discover that there were transitional forms, and in each group of 
cases intrinsic differences. These depend on the different muscle 
groups first affected, and on the degree and nature of the muscle 
changes. Thus have arisen the many confusing types of the disease, 
and not, as at first thought, distinct diseases. One great work which 
we ought to be thankful to Erb for having done for us is that he 
grouped all these muscular types in one large family, which he called 
dystrophia muscularis progressiva.* In this family he included his 
juvenile muskelatrophie, pseudohypertrophie infantile form and the 
hereditary forms. The spinal types he placed under the name “Amyo- 
trophia spinalis progressiva, Duchenne-Aran.” Soon thereafter Lan- 
douzy and Dejerine (1885) described two cases of “atrophie de 
l’enfance”* in one of which they obtained a necropsy. To their great 
surprise, they found no changes in the spinal cord, and described the 
case as a new one, differing entirely from the Duchenne-Aran kind. 
They called it “myopathie, type facio-scapulo-humeral,” and a second 
type with “intégrité de la face, type scapulo-humeral.” Undoubtedly 
these types are nothing else than the Erb juvenile form, which at times 
involves the face and again does not. 

In the course of time, all observers, Charcot and Marie included, 
agreed to accept this classification of Erb’s: 


1. Dystrophia muscularis progressiva (infantum). 
a. Hypertrophic form 
(1) With pseudohypertrophy 
(2) With true hypertrophy 
b. Atrophic form 
(1) With primary facial involvement (Duchenne’s infantile form) 
(2) Without facial involvement. Simple atrophic form. 


2. Dystrophia muscularis progressiva juvenum et adultorum. 
(juvenile form) 


It is characteristic of the familial, hereditary forms to exhibit con- 
ditions at times of one of these groups, at others, of another group; 
so that in several generations of the same family individuals will be 
found to conform with almost any one of the types outlined above. It 
is so with the family herein studied. 


TYPES OF THE DISEASE 


Various authors have described atypical forms of muscular dys- 
trophy, that is, they were atypical either in their course or their chron- 
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icity, or else in the groups of muscles affected or in the intensity of 
such impairment; in the presence or absence of contractures; in the 
slow or rapid involvement of the entire skeletal structure, together with 
the muscular, making of the patients helpless cripples, and ending in 
death in a comparatively short time. Some of these important types 
it may be well here to describe and classify, so that their important 
characteristics may serve to differentiate them at the same time from 
the group of cases which I propose to submit further on in this paper. 
It will also be noticed that as we progress the recent authors show 
more and more marked a tendency to include symptoms referable to 
the sympathetic nervous system, including the endocrine glands. 

Barsickow’s group is late in appearance, slowly progressive and not 
fatai. It was the first group of great importance, studied by Barsickow* 
in 1871, and consisted of twenty-four cases occurring in two families 
from one ascendent through five generations. This series resembles 
most closely the series herewith to be presented, and yet differs from 
it in noteworthy particulars. It is presented in extenso for its impor- 
tance. A composite picture of Barsickow’s cases showed that the 
members of the widely scattered families in which they arose were as 
a rule in good health and lived to be old. The greatgrandfather had 
only a stiffness in gait and carriage, and yet twenty-three of his 
descendants (five out of seven of his immediate children) showed 
muscular disease, not only in function, but also in muscle volume. 
The members seem to have been attacked without rule, seemingly 
showing some predisposition in heredity. The children remained 
healthy if the parents were unaffected, and there were an equal number 
of males and females attacked. The cause of the original incidence, 
Barsickow states, was probably lead poisoning, for this original grand- 
father was a typesetter and had had many attacks of lead colic. In 
some cases chlorosis, cholera and varioloid acted as preceding agents 
conducing to the development of the trouble. The onset in seventeen 
of the cases was at the following ages: five between the ages of 10 
and 20, seven between 20 and 30, and five later in life. 

It was ushered in by almost simultaneous affection of both an 
upper and lower limb, or both upper and lower limbs. The serratus 
anticus was among the first muscles to cause trouble. The most promi- 
nent symptom was the disturbed muscular function; in the mildest 
cases being stiffness and rapid exhaustion, going to absolute paralysis 
of single muscles, or entire groups in severe cases. The involvement 
was symmetrical. In most of the cases the diseased muscles gradually 
disappeared or atrophied, and hypertrophy was very rare. Frequently 
there was a lordosis with winged scapulae, with protrusion of the 


5. Barsickow, Hermann: Zwei Familien mit Lipomatosis muscularis pro- 
gressiva, Dissert., Halle, 1872, Surgeon General’s Library, Washington. ° 
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shoulders or flattening of the chest. Fibrillary twitching was rare, 
only once in fact. There was in the skin occasionally loss of pigment 
or abnormal coloring. Of the eleven who died while under Barsickow’s 
observation, one was over 80 years of age, four over 70 years, three 
over 60, one 58 and two 33. So that the disease apparently did little 
to cut short their lives. 

Taking up Barsickow’s individual cases, those that showed symp- 
toms seemingly not accounted for in the usual syndrome of dystrophia 
musculorum progressiva, we see in his Case 1 the complaint of rheuma- 
toid pains in many parts of the body, dirty brown pigmented skin and 
patches of vitiligo. Case 19 was that of a woman of 40 in whom the 
fingers and toes easily fell asleep and got cold, white and waxy in the 
winter. Case 7 was that of a woman in whom the disease began at the 
menopause. 

The reason I mention the above symptoms, which in the light of our 
present knowledge are referable to a disturbed autonomic nervous 
system with inclusion of the endocrine glands, is that the theory of 
Remak, Schneevogt, Jaccoud, and Dumenil relative to the dependence 
of the affection on such disturbance of the vegetative system has now 
been shown to have some foundation. 

The microscopic examination of the muscle fibers in Barsickow’s 
cases showed changes in the muscle fibrils, some of which were much 
thickened, while between the primitive muscle bundles were many fat 
cells and connective tissue. The skin spots appeared in the neighbor- 
hood of recently affected muscles. In three cases with necropsy there 
was no abnormality of the nervous system demonstrable, and yet the 
author inclined to the idea that the disease is of a “vasomotor-trophic- 
nerve character.” The Barsickow cases undoubtedly belong to the Erb 
juvenile and adult types. 

In Friedreich’s group of cases the disease was early in appearance, 
rapidly progressive, and fatal. Friedreich® published the cases of four 
brothers whose mother was unaffected by the disease, but two of whose 
maternal uncles died of it in their 15th and 16th years. The brothers 
cited died at 5, 6, 12 and 16 years of age. Intellectually they were all 
well advanced. The affection began in the weakness of the lumbar 
muscles, with constantly increasing difficulty in arising from a sitting 
posture. Muscular atrophy began in the muscles on each side of the 
spine at the same time. There then arose a difficulty in raising the 
arms to the shoulders on both sides. One of the victims died of suffo- 
cation from an asthmatic bronchial attack. In this series of cases the 
rapidity of the course to a fatal termination is the characteristic. The 
necropsy showed, among other atrophies, that the pectorals were 


6. Friedreich, N.: Progressive Muskelatrophie, Berlin, 1873. 
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reduced to thin grayish-red, skin-like lamellae, through which the ribs 
showed. 

In Gowers’ group the disease was early in appearance, rapid in 
progress, and was fatal in adolescence. Gowers’ in a clinical lecture 
in 1879 reported four brothers, aged 9, 10, 5 and 3 years, all affected, 
whose parents were both healthy, but whose maternal uncle died at 
15 of a wasting muscular disease. These patients had a little difficulty 
in putting their feet down on the floor on account of a tense, shortened 
Achilles tendon. The extensors of the knee and hip were weak; the 
flexors of the hip were feeble. The latissimus dorsi and the lower 


* part of the pectorals were gone. There were no sensory changes, the 


kneejerks were absent and there was a marked lordosis. The upper 
limbs were weak, although they moved freely. Gowers reports that out 
of 220 cases that he collected from the literature, 190 of the patients 
were male and thirty were female. While he mentions Barsickow’s 
cases, yet he excludes them from his statistics, because they were all 
of the adult type. Some generalizations from these 220 cases are 
drawn by Gowers: (1) the disease almost never is heard of on the 
side of the father; (2) the age of onset is an etiologic factor of great 
importance and occurs in the worst cases before the 6th year, the 
more severe the case, the earlier it begins ; (3) occasionally the disease 
follows physical injury ; (4) shortening and permanent contractions of 
certain muscles lead to distortions in the positions of the joints; 
especially contraction of the calf muscles, leading to inability to place 
the heels on the floor; (5) the patients lose the power of standing at 
10 or 12 years of age, and death comes on between 14 and 18 years; 
(6) of diagnostic importance is not the actual muscular enlargement, 
but the distribution of the muscular disease, especially the wasting of 
the lower pectorals and the latissimus dorsi; (7) the later the appear- 
ance of the disease, the more slowly it advances ; the older the patient, 
the better the prognosis. 

The commentary on these cases is that some of the conclusions, 
especially the last, are quite contrary to our type of the disease to be 
described hereinafter. 

Erb’s* types are of the accepted classification of progressive muscu- 
lar dystrophy. In one of the publications of Erb*® he gives a general 
description of the juvenile type of the disease, saying that it begins 
always before the 20th year and usually with atrophy of the upper 
arms and shoulder girdle muscles and is often combined with hyper- 


trophy. There are no reactions of degeneration and no muscular fibril- 


mm Gowers, W. R.: Pseudohypertrophic Paralysis, Clinical Lecture, London, 
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8. Erb, W.: Dystrophia musculorum progressiva, Deutsch. Ztschr. f. 
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lary twitching. The following muscles are almost constantly affected ; 
pectorals (except the clavicular portion), cucullaris, latissimus dorsi, 
biceps and brachialis anticus and the long supinator. The glutei are 
weak and calves large. The disease lasts from 20 to 40 years with 
periods of quiescence He states that this juvenile form is identical 
with Friedreich’s hereditary progressive muscular atrophy. These 
latter forms belong ia ‘!1e same group with pseudohypertrophy. 

In one publication,’ Erb gives the results of the examination of 
the available pathologic material of all these forms and says in sum- 
marizing that all the noticeable changes are in the muscle fiber chiefly, 
from an increase in volume to absolute disappearance of the muscle. 
There is an increase in the muscle nuclei and these are both normally 
and abnormally placed. There are clefts in the long axis of the muscle 
between the muscle fibers and an increase of connective tissue is found 
with a later deposit of fat cells and a thickening of the vessel walls. As 
a result of the identical pathologic findings in all forms of this elusive 
muscle disease, he proposes the classification of all these forms as types 
under the generic term of dystrophia musculorum progressiva. This 
classification has already been given earlier in this paper. 

Among other types the next cases of importance in the development 
of the semeiology of the disease were reported by Prager.’ Here the 
patients, two in number, were children of first cousins, who themselves 
were free of the disease. The importance of the citation of one of 
these cases is in the fact that while the patient, a woman of 48, had 
always had a waddling gait and a difficulty in going upstairs, yet after 
her first puerperium, which lasted three months, the difficulty in walk- 
ing was so intensified that she needed support. Her muscular system 
gradually underwent the usual atrophies in the pectorals, latissimi, 
trapezius, rhomboids, biceps, deltoids, triceps and supinator longus; 
but these atrophies were disguised by masses of fat in the arms and 
legs. To these physical signs, however, were appended the statements: 
(1) the patient was easily excited and then developed a tremor; (2) 
there was difficulty in deglutition for fifteen years; (3) dyspnea in cold 
weather and (4) increase in stools. Further on is the remark that the 
patient had a “struma” on the neck and complained of urticaria. 
That is, she was a hyperthyroid subject. We shall find as we go along 
in the analysis of the symptoms as presented by the author frequent 
indications of disturbance in the endocrine system. In all probability, 
had such indications been then understood, there would have resulted 
a far wider range of symptoms in the muscular dystrophies; for what 
to the older observers probably appeared negligible in this regard, 
now assumes great importance. We shall see how more and more often 


9. Prager, M.: Dystrophia musculorum progressiva, Dissert., Erlangen, 1891. 
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in later years investigators have described conditions present in progres- 
sive muscular dystrophy, apart from the actual muscle changes, that 
are seemingly part of the disease process; which conditions have 
received but scant reference in the earlier works, presumably because 
they seemed so utterly adventitious. So Hahn’ states that skeletal 
anomalies are often seen and the idea is now that these are part of the 
condition of progressive muscular dystrophy; and he cites Friedreich 
that bone atrophy is not secondarily due to disease of the bone through 
immobility of the joint, but to nervous and trophic influence. Eulen- 
berg™ had a case which was combined with acromegaly. Hahn’s con- 
clusion is that because so many cases show bony changes, there may be 
some connection between the two. 

Bregman™ cites cases in which together with a “facies myo- 
pathique” there was difficulty in looking up and in closing the eyes; 
inequality of the pupils and of the palpebral fissures. This is interest- 
ing from the fact, to be shown from our own cases, of the frequent 
involvement of the pineal gland; in which condition just such eye 
muscle difficulties arise (Bailey and Jelliffe**). Bregman’s cases fur- 
ther showed internal glandular disturbances as follows: In Case 1 the 
patient could not close the eyes properly and had nyctalopia ; also there 
was intense sweating of the extremities with cyanotic hands and a 
pulse of 100. In Case 2 there was marked prognathism, the upper teeth 
standing prominently forward; the skin was mottled like marble. In 
Case 4 the hands and feet were livid; there was large skeletal develop- 
ment of the hands and feet in contrast to the rest of the skeleton, and 
marked protrusion of the upper jaw. In Case 5 there was extremely 
large body growth. In these cases there is manifestly disturbance of 
both pituitary and thyroid glands. 

Cestan and Lejonne** publish two cases with contractures and s state 
that it 1s banal to say that contractures accumpany all forms of progres- 
sive muscular dystrophy, but that ordinarily contractures are slight and 
rarely sufficiently marked to alter the general attitude of the myopathic 
patient. Schultze** presents two cases, both with necropsy, of brother 
and sister; in the former there was a thinning of the long bones, the 
humerus being thinner than the middle finger of a normal hand, and 
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the medullary cavity very small. The sister had a stiffness in all the 
joints of the body, with atrophy of the bones. Schultze states that he 
had found only two other instances in the literature in which was 
found bone atrophy with muscular dystrophy, one a case of Fried- 
reich’s and the other Le Gendre’s.*® In all these cases the atrophy was 
a concentric one of the long bones with no diminution in the length. 
In Le Gendre’s case there was also an undue hypertrophy of the geni- 
tals, with an enlarged prostate gland in a youth aged 20; while Fried- 
reich’s case showed infantilism in the sexual organs, voice and facial 
expression. The necropsies in Schultze’s cases showed no apparent 
changes in the spinal cord, not even in the ganglion cells, and he there- 
fore concludes that we must look elsewhere than in the nervous system 
for the cause of this “riddle-like disease,” and advises us that we 
cannot neglect the theory of predisposition, with accidental factors 
superimposed, such as overstrain, trauma, underfeeding, infection and 
intoxication. 

O. With*’ published a familial type of the disease affecting three 
boys in one family and sparing the four girls. What interests us in 
these cases is the involvement of the tonsils, which were hypertrophied, 
a chronic angina, a hypertrophied lower jaw, with difficulty in mastica- 
tion and deglutition. 

An article of extreme importance on account of the cure of the 
patient, by Marina,** describes a case of a girl of 814 years of age, 
who had all the signs of a beginning dystrophy with hypertrophic del- 
toids and gastrocnemii and so weak in the shoulder girdle group that 
she could barely lift her arms horizontally. He lost sight of her for 
five years and then she appeared again entirely well and cured. The 
author corresponded personally with Erb in this matter, questioning 
him as to whether a patient with muscular dystrophy had ever in Erb’s 
experience been cured, or whether he had ever seen “formes frustes” 
of this disease. Erb replied that he had never seen a single case of 
“formes frustes”—they had all been progressive—but that he had seen 
one single case of cure in a young English girl. Erb and Marina agreed 
that the cure in both of these cases was to be credited to the normal 
evolution of the patient; presumably to the fact that following the 
beginning of menstruation, normal development of the internal secretion 
succeeded, a most pregnant idea in the light of our present knowledge 
of the interrelation of the ovaries with the other endocrine glands. A 
fitting companion piece to the above is the case of Levi and Rothschild’ 
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of a myopathic atrophy which showed considerable improvement on 
pituitary extract. 

Henri Claude” in 1908 described a case of familial progressive 
muscular dystrophy of rather different character from the usual in 
that the patient had asymmetrical atrophies, more marked on the right 
side. Besides the muscular condition, the bones on the right side were 
less developed than on the left side, as shown by roentgenogram, and 
there were vasomotor changes particularly evident in the right hand, 
with perspiration and cyanosis. In cold weather the patient could not 
use this hand on account of the disability thereby occasioned. The 
temperature of the right hand was constantly lower than the left and 
the sphygmomanometric pressure was also less on the right side. 
Claude drew the conclusion from these findings that the whole disease 
picture does not embrace merely the muscular difficulty, but includes 
as well the central or peripheral nervous systems. 

Jendrassik™ after citing the cases of Marina and Erb, above men- 
tioned, in which a seemingly spontaneous cure liad been accomplished 
in muscular dystrophy coincident with adolescence, presents two some- 
what similar cases, of which the one was a true progressive dystrophy. 
This patient was a girl who, just before puberty set in, had had the 
dystrophic process cease, and then after menstruation had been estab- 
lished became entirely cured, even to the return of the knee reflexes. 
There had been a precocious body growth between the 10th and 11th 
years, in which the breasts had participated, growing to a mature size. 

Von Werdt®* describes a case with necropsy, which arose in a 
woman at the advanced age of 46 and was not familial. It came on 
after a first pregnancy complicated with phlebitis. She became imme- 
diately bed-ridden, and remained so until her death at 63 years. The 
postmortem examination showed, besides the usual muscle condition, 
changes in the thyroid, which had developed a large colloid struma 
with but a little functionating tissue, a small tumor in the spleen, 
softened suprarenals, small pancreas, somewhat atrophic ovaries and 
small fatty deposits in the liver. This case is interesting and suggestive 
as having developed after a disturbance of the ovaries due to a late 
first pregnancy. 

Boveri™ described several members of a family afflicted with 
muscle dystrophy in which some of the muscles had been entirely 
replaced by fibrous tissue or fatty tissue, and thought it remarkable 
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that all of the patients had also exophthalmic goiter. Collins and 
Climenko,** among their numerous cases, make mention of the general 
growth anomalies in several, apart from the general muscular dys- 
trophy. Thus, one patient had a general adenitis with abnormal teeth, 
especially the incisors, and undescended testicles. Another one had 
spongy gums, poor and irregularly placed teeth, a high arched palate, 
long uvula with large tonsils; at the age of 14 this patient was under- 
sized and had as yet no signs of puberty. 

Other authors report the presence of anomalies in the skull with 
asymmetry. Seegard in 1905, on the basis of twenty-one cases, dis- 
puted the hereditary factor in the etiology and claimed the entire 
process to be a metabolic one. 

M’Crudden and Sargent,** in a careful laboratory study of a case 
of progressive muscular dystrophy, showed that a condition of hypo- 
glycemia probably underlay the great muscular fatigability. On 
account of the close relationship between hypoglycemia, muscular 
asthenia and deficiency of the suprarenals and hypophysis, epinephrin 
and pituitary extract were administered with resulting improvement in 
health, strength and weight. 


DISCUSSION OF PATHOGENESIS 


We see that the more recent investigators have severally and indi- 
vidually been approaching a position regarding progressive muscular 
dystrophy whose supports are disturbances in the endocrine glands, 
and have begun to consider the actual muscular disturbances merely 
as incidents in a widespread affection. And indeed, when we consider 
the converse of the proposition, namely, that known endocrine glandu- 
lar disturbances, especially those of the pineal gland, have produced 
in the muscular, bony, and vasomotor systems conditions very similar 
to those found in the muscular dystrophies (although not all at one 
time in any one patient), we must accept some causal relationship 
between the two. It may be here not amiss to cite, among many obser- 
vations, some of those that bear directly on this latter proposition. 
First and foremost is the contribution of Bailey and Jelliffe** on tumors 
of the pineal gland. In their own case, one of the prominent symp- 
toms, and one for which the patient originally sought relief, was diffi- 
culty in walking. The several examinations disclosed a hypotonic 
condition of the muscles of the legs. Furthermore, the patient had 
grown fat rapidly. In some of the cases appearing in the literature of 
pineal gland tumors, cited by Bailey and Jelliffe, symptoms and signs 
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are disclosed that are interesting to us now in the light of the findings 
in progressive muscular dystrophy. We quote some of these. Mas- 
sot’s** patient complained that his leg could not support him. Feil- 
chenfeld’s** patient showed great weakness of the lower extremities 
with much loss of motor power. One of Nothnagel’s** patients had 
a very marked disturbance in gait of a waddling character and the gen- 
eral bodily musculature was weak, and although the man was large 
and seemingly strongly built, he had much fat deposited throughout. 


Fig. 1—Attitude at rest, standing, showing the contractions at the elbow and 
phalangeal joints; the disparity between fairly normal calves and atrophied 
thighs; also the leaning forward of the head and the retraction of the chest. 


26. Massot, M.: Note sur un Cas de tumeur cerebrale avec polyuria, Lyon 
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Of interest is Zenner’s*® patient, who developed marked contractures 
in both arms. Von Hoesslin*® describes a patient with pineal tumor, 
who, although he had no paralysis, did develop extreme weakness of 
the lower extremities so that they could no longer support him. 
Hempel* observed a patient who developed general muscular weak- 
ness, and later became bedridden on account of contractures in the 
extremities, so that he was almost unable to move hand or foot. He 
lay ir bed all drawn together. Joukovsky** describes an infant of 6 
days with pineal cyst who had contractured arms. Marburg’s** patient 


Fig. 2.—Manner of arising from the floor; climbing up on thighs. 
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developed much fat and showed weakness in one upper extremity and 
diminished motor power in both lower extremities. Hart** published 
a case in which among the prominent symptoms was increasing muscu- 
lar fatigability. 

Raymond and Claude* reported a case most apropos of a glioma 
of the pineal gland in a boy of 10. He began to grow fat, and grew 
weak rapidly. Then the left leg became feeble, so that he could 
scarcely raise it from the ground. He then developed much muscular 
weakness and finally contractures in the neck and arms arose. Here 


Fig. 3.—The isolated muscle bundle that still remains of the left pectoralis. 
the rest of the muscle being gone; note the funnel-like neck sunken into the 
aperture made by the clavicles, and the atrophic arm muscle. 


was a syndrome, exclusive of the other signs of the tumor, strongly 
suggestive of progressive muscular dystrophy. 

Finally, Howell’s® patient developed extreme weakness in one arm 
and leg and in the muscles of the back so that he showed a tendency 
to fall backward. His legs gave way when he tried to walk. 
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Taking up at this point the manifestations of disease of the pituitary 
gland, we find it almost banal to refer to the changes in bony struc- 
ture caused in this way.*’ Especially in hypopituitarism do we see, 
combined with fatty development and weak musculature, underdevel- 
oped bony tissue** with rarefaction. Insufficiency of the suprarenals 
produces great fatigability in the muscular system ;** thyroid insuffi- 
ciency, through its effects on metabolism, produces occasionally changes 
in joints leading to their immobility and to contractures in the muscles 
and tendons controlling them. 


Fig. 4—Contractions in the tendons of the arm, the picture giving the extreme 
limit of extension of the arms and hands possible. Note also the pouting of the 
lips with a suggestion of the “facies myopathique.” 


By combinations of these disturbances many of the symptoms 
exhibited in the cases of progressive muscular dystrophy might be 
produced. It is highly suggestive that the variations in this most 
elusive disease, which are enlarged on by almost every investigator, 
have given rise to almost as many types or forms of the disease as 
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there are investigators. And this is not to be wondered at if the syn- 
drome depends on as many variables as are represented by the endo- 
crine glands. 

The findings at necropsy in the various types of progressive muscu- 
lar dystrophy do not contradict an internal glandular basis for the 
disease. Kollarits*® quotes Blocq and Marinesco,** Flandre,** and 
Pennato* to show that a relatively negative result, in so far as the 
nervous system is concerned, was obtained by the more recent investi- 
gators. This is to say, in by far the greater number of cases that went 
to necropsy, no important changes were found in the cerebrospinal 
system, although in a small number there were minor changes in the 
anterior horn cells of an atrophic nature. These minor changes are 


Fig. 5.—Extreme extent of flexion of trunk on thighs that is possible, with 
legs extended fully, this deficiency being due to the short tendons of the thigh 
and leg. 


not always the same in the different cases and are not proportionate to 
the clinical disturbances. “For this reason (quoting Kollarits) Erb 
stated that the dystrophy is probably dependent on functional dis- 
turbances of trophic centers not demonstrable anatomically.” The 
actual muscle changes found histologically ‘agree in the main with one 
another in the different investigations (Spiller. Miinzer,“* Fulda,“ 
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Kollarits*®). The muscles show a large amount of fatty tissue between 
the muscle fibers, and a few of the muscle fibers with rounded ends. 
The width of the muscle fiber varies from the normal and the muscle 
nuclei are increased in number and are grouped together. There is 
splitting and vacuolization of the muscle fibers and entire disappear- 
ance of certain muscles. At times the entire muscle seems to be a 
gray, fatty mass (Schaedel*’). The bony changes are at times 
atrophic in character and at times hypertrophic (Eulenberg"). 

We can certainly say that postmortem evidence points to a meta- 
bolic disturbance. But metabolism in the body is so closely interwoven 
with the activities of the internal glandular system and the vegetative 
nervous system that they can hardly be considered apart. 








Fig. 6.—Roentgenogram of the forearm and hand, showing the thinness of 
both ulna and radius and of the phalanges (Patient 24, Fig. 11). 


AUTHOR'S TYPE OF FAMILIAL PROGRESSIVE MUSCULAR DYSTROPHY 


It has been my good fortune to observe several members of a large 
family during the past year who were affected with a type of progres- 
sive muscular dystrophy rather resembling the classic Erb’s juvenile 
form, but differing from it in some particulars. The family tree is 
herewith given (Fig. 11). The onset and progress of the disease are 
graphically described by one of those afflicted, a highly intelligent 
graduate student of one of our foremost universities, and I cannot 
do better than to give his own description of this insidious affection : 

The muscular disease which afflicts our family is similar in all the cases I 
have investigated. In my own case the trouble appeared at the age of 3, and 
was noticed by my peculiar method of arising from the floor. The same difficulty 


was observed in my brother and my sister during early childhood. A general 
lack of development of the muscles throughout the body marks our disease; 


47. Schaedel, Wilhelm: Zur Lehre v. d. Dystrophia musculorum progressiva, 
Dissert., Kiel, 1909. 








96 THE ARCHIVES OF INTERNAL MEDICINE 


and there is an accompanying tightening of some of the. tendons which limits 
movement. In the case of my brother the heels are raised from the floor as 
much as three inches when he stands erect; and my sister is compelled to walk 
on her toes and the front of her foot so that a special shoe is needed. With 
the advance of years the difficulty in arising becomes more pronounced. I find 
it much harder to get up from the floor now than it was seven or eight years ago. 
My sister, father, uncle and aunt, who have the trouble, cannot arise if they fall 
down, and they cannot get up from a chair of ordinary height. My sister has 
put on much weight lately, resembling in this my grandfather, who also had the 
disease. The latter could not roll over in bed, arise, or walk alone. The 





Fig. 7—Arrow points toward the shadow produced by the pineal gland 
(Patient 14, Fig. 11). 


difficulty in climbing stairs, and in general, in all movement becomes more pro- 
nounced with advancing years. The contractions with the drawing-up feature 
become worse during the growth from childhood to maturity. There is some 
reason to believe that this contraction continues slowly through the periods of 
maturity and especially of senescence. The general health of the affected indi- 
viduals is very good. I cannot remember of illness, or of the report of illness 
in the case of my father or my uncle; the famiiy is long lived and intellectually 
sound. There is no bodily pain connected with the disease. There is only a 
great physical limitation with its accompanying embarrassment. Tradition has 
it that the original case of the disease arose at the age of 12 following an 
injury in the field. 





TIMME—PROGRESSIVE MUSCULAR DYSTROPHY 97 


Of the fourteen members of the family through three generations 
who were affected, six have died, at the ages of 88, 73, 71, 69, 64, and 
53. Of those living, three are 69, 66, and 64 years old, while the rest 
are of the present generation in the teens or twenties. That is, the 
span of life seems rather to be above the average. In this regard, the 
affection differs from most of those heretofore cited. Gowers,® out of 
a study of 220 cases that he collected, declared that the earlier the 
disease begins the more severe it is, its usual onset being before 6. 
Out of thirty of his own patients, twenty-four died between 10 and 








Fig. 8.—Roentgenogram of skull of Patient 26 (Fig. 11), a youth 21 years of 
age, showing shadow in the pineal region. 


20; and the oldest lived to be only 40. He also gave the predominant 
male to female ratio of 190 to 30. In our cases, nine were male and 
five female. Barsickow,' in his study of twenty-four cases, while 
giving an age at death closely approximating ours, yet declared the 
onset in all of seventeen known cases to be after the 10th year and 
mostly between the 20th and 30th years, truly ar. adult type. So that 
our cases differ from these two types in the combination of an early 
onset and a long, rather benign course. 
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Symptomatology: We have been able either personally or through 
their own physicians to examine thus far six of the seven living mem- 
bers of the family that have the disease. Patient 24 (Fig. 11) was the 
one originally examined at the Neurological Institute by us. His 
examination showed the following: 

The patient is a man of 23 years, a student. The station is good, 
though the attitude is somewhat faulty, as is seen by the photograph 
(Fig. 1). His head leans forward, with chest retreating; there is 
some lordosis, and the arms are held at the side partially contracted 
at the elbow and wrist joints. The gait is peculiar in that he stoops 





Fig. 9.—Roentgenogram of skull of patient 27 (Fig. 11), a girl 19 years 
of age. Here the shadow is not so distinct as in the others, but still is present. 


his shoulders forwards and toes out. If he doesn’t stoop his shoulders, 
his heels will not touch the floor. There is little or no spring in his 
walk, his whole body jerking with each foot fall. His weight when he 
is stripped is 108 pounds. 

All the deep and superficial reflexes are normal and equal on beth 
sides; there is no Babinski response and there is no clonus. 

There are no sensory changes objectively to be elicited, excepting 
some pain on pressure over the fourth dorsal vertebra; subjectively 
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he complains of no pain whatever excepting at times “rheumatic” pains 
in the joints. This soreness in the joints all the affected members of 
the family experience. Those unaffected with the dystrophy do not 
have the joint pains. 

There are no signs of involvement of any of the cranial nerves, 
with exception possibly of those controlling the eye muscles. Every 
dystrophic member of the family gives a history of eye trouble and 





Fig. 10.—Roentgenogram of skull of patient shown in Figures from 1 to 5, 
inclusive. The shadows in the pineal region are marked (Patient 24, Fig. 11). 


must wear glasses. These ocular muscle disturbances are important 
as referring possibly to the pineal gland in its relation to the anterior 
corpora quadrigemina. His father, also affected with dystrophy, 
awoke suddenly one morning, blind, and never entirely recovered his 


vision. There is no difficulty in swallowing or in speech, and the 
tongue is protruded in the middle line. 
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The only external signs of an involvement of the internal glandular 
system is in the spacing of the incisors, and in the prognathism of 
the upper jaw. We shall later have occasion to point out the extreme 
probability of the dependence of the entire syndrome, the bony atrophy, 
fatty deposits in the muscles, etc., on such a disturbance of the endo- 
crine system. 

There is no arteriosclerosis; the pulse rate varies from 68 to 72, 
increasing on slight muscular effort to 90. The blood pressure, systolic, 
varies from 125 to 145; diastolic, from 75 to 100. 

The patient is highly intelligent, a postgraduate student at an impor- 
tant university, fitting himself for the philosophical degree. His audi- 
tory memory is good, while his visual memory is very poor. He is 
fairly frequently depressed, seclusive and shut-in and has a reaction 
of embarrassment in company. He feels his disability keenly. 


P 
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Fig. 11—Heredity chart of the family in which the dystrophy cases occurred, 
those in black being the individuals affected. 


Urine and blood are quite normal in all particulars. The Wasser- 
mann reaction in the serum is negative. 

It is in the muscular system that the chief characteristics of the 
condition lie. The first striking feature is the almost entire absence 
of the pectorals of both sides, with the exception of the clavicular 
strands and a few strands of the pectoralis minor (Fig. 3). Both 
deltoids are very atrophic, and the intrinsic neck muscles are so much 
so that the neck seems to fit like a funnel into the aperture made by 
the clavicles and sternum instead of being attached thereto. The 
trapezius, the serratus magnus and the rhomboids are only partially 
atrophied. The biceps and triceps are much atrophied ; the long supina- 
tors less so, while the muscles of the forearm are only slightly affected. 
In.the leg the quadriceps and the adductors are smaller than normal 
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and quite inefficient, so that walking upstairs or getting up from a 
squatting position is a task. It is accomplished by climbing up on the 
thighs by means of the arms (Fig. 2). Of the hypertrophies that are 
present, the infraspinatus is moderately enlarged, as are the calf 
muscles. The facial muscles show a slight atrophy, with everted and 
pouting lips, although there is no difficulty in whistling. The electrical 
excitability is somewhat increased to faradism in all the muscles, while 
the galvanic response is unaltered in degree and quality, that is, there is 
no reaction of degeneration, no myoclonus, or myoidema; there is no 
asynergy and no incoordination. There are no actual paralyses, but 
simply weaknesses. The patient can hold his arms out from his body 
at the level of the shoulder for one and one-half minutes without 
fatigue. There then ensues a tremor of the entire limb, and he must 
let the arms fall. The various measurements of the circumference of 
the limbs are herewith given in millimeters : 

Right Left 
' { Upper 230 225 


Middle 190 190 
Elbow 193 190 


aera { Largest 200 202 
Smallest 125 127 


Upper arm 


Upper 465 465 
Middle 420 415 


Knee 320 330 


, Calf 335 325 


Lower leg Thinnest 173 175 


There are contractions in the tendons of the arm muscles and of 
the calf muscles on both sides—contractions, and not contractures. 
That is to say, by assuming such positions as will give little tension to 
the muscles of the particular member examined, the patient recognizes 
no difficulty in fully extending that limb. Thus, if he relaxes the calf 
muscles by stooping forward in walking, his heels touch the ground ; 
but if he stands fully erect with shoulders thrown back, then his heeis 
do not touch the ground on account of the short Achilles tendons. 
The photograph showing the arm outstretched to its fullest extent 
gives an idea of the shortening of the arm flexor tendons, in the 
resulting flexion of the fingers and wrist (Fig. 4). When the wrist is 
fully flexed, the fingers can be extended; when the fingers are fully 
extended and kept in that position, the wrist cannot be extended at the 
same time. It is these contractions that give the patient his greatest 
difficulty, for they impede the free use of his limbs and are progres- 
sively, although slowly, increasing (Fig. 5). 

The Roentgen ray shows that the bones of the arm and forearm 
are very small and thin, though not shorter than the normal (Fig. 6). 
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The skull roentgenogram shows a normal sella turcica, but there are 
several shadows in the region of the pineal gland (Fig. 10). These 
shadows are three in number, and although discrete, range closely 
together. 

Three other members of this immediate family, Patient 14 (Fig. 
11), father of this man, and Patients 26 and 27, brother and sister of 
the patient, give similar physical signs and symptoms to those exhibited 
by this patient, with some minor differences. Thus, his sister, 19 years 
of age, is quite adipose, and has more marked tendon contractions 
than the others. She constantly walks on her toes as a result of the 
Achilles tendon shortening (pes equinus), and must have special shoes 
to accommodate this malposition of the foot to her gait. The brother, 
aged 21, is in many respects the counterpart of the patient, only not 
quite so far advanced. The father, aged 65, cannot get up from a 
sitting position without help. There is the same difficulty in all of 
these members of the family in going upstairs, almost an impossibility 
to lift themselves from step to step. But all of them are active men- 
tally. The father still attends to his duties as a minister. The one 
point that they all have in common, and this we wish to emphasize 
most strongly, is that the roentgenogram in each instance shows 
shadows in the region of the pineal gland. In the sister’s case these 
shadows are very faint, but still present (Figs. 7, 8 and 9). 

One member, No. 32, of a collateral branch of this family, but still 
descended from the common ancestor No. 1, is affected by a type of the 
disease which is sufficiently distinct from that of the others to merit 
individual description. He is a schoolboy of 15, living in a small 
Pennsylvania town. His difficulty seemingly iollowed an attack of 
chickenpox four years ago. He has no difficulty in squatting down 
or in arising from the floor, thereby differing from every other mem- 
ber with the disease. Within six months of the onset of the disease, 
his joints became stiff and the seat of calcareous deposits. Various 
tendon contractions followed, notably the Achilles and the flexors of 
the fingers. Muscular atrophies, especially of the deltoids, pectorals, 
trapezius, biceps, and sternocleidomastoids succeeded. The pectorals 
are very deficient, the sternocleido muscles also, almost like a lead- 
pencil in thickness. The entire bodily musculature seems to be deficient 
in volume and gives the appearance of a big bony frame with insuffi- 
cient covering. The myotatic irritability is increased in the biceps and 
deltoids. The bony framework is large, the middle finger measuring 
105 mm. from the metacarpophalangeal joint to the tip. Both ankles 
are deformed, with a marked protrusion of the tarsals inward and a 
pes planus. The foot cannot be flexed dorsally on account of a short 
Achilles tendon, or ventrally on account of a short tibialis anticus. 
This gives the patient a rather queer shuffling gait. There are cal- 
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careous nodules on many of the phalanges, especially at the terminal 
joints. On account of atrophic supinators, supination can be carried 
out only to a very limited extent by the biceps assisting. This syn- 
drome is rather different from that of the other members, in that it 
began at the comparatively late age of 11 and that it was not accom- 
panied by difficulty in arising or in going upstairs and in its marked 
disposition to affect the bony skeleton. The Roentgen ray also in this 
case did not show the pineal gland shadows, but did show a large sella 
turcica. As the boy is but 15, it is within the realm of probability that 
within a few years the shadows will appear. 

As the members of the various branches of the family are widely 
scattered, indeed from coast to coast, I have not personally been able 
as yet to examine all those affected with the disease. The roentgeno- 
grams were made by different roentgenologists in various parts of the 
country, including Dr. Leix of Los Angeles, Dr. Bowen of Philadel- 
phia and Dr. Evans of New York. 

To recapitulate, then, we have a somewhat atypical form of pro- 
gressive muscular dystrophy, rather resembling Erb’s infantile type, of 


extremely benign and slow progress. It occurs as a hereditary affec- 


tion, now in the fourth generation, which has disabled fourteen indi- 
viduals. Of the seven living members with the disease, all but two 
have been examined thus far by Roentgen ray, and of these five, four 
show distinct changes in the pineal gland producing shadows in the 
roentgenogram. The fifth, a youth of 15 years, whose affliction is 
rather of different type than the others, in that the bony growth is 
abnormal, shows an enlarged sella turcica, but no shadows in the pineal 
as yet. Weighing all the evidence that is advanced by previous inves- 
tigators to show derangement of the internal glandular balance in cases 
of progressive muscular dystrophy, and giving due significance espe- 
cially to the changes produced by tumors and diseases of the pineal 
gland on the various tissues of the body, changes that resemble in 
character, if not entirely in degree or disposition those present in 
progressive muscular dystrophy, we must admit the extreme probability 
of a causal relationship between the two. If to this probability we 
actually adduce the evidence shown by cases of progressive muscular 
dystrophy of changes in the pineal gland demonstrated by roentgen- 
ology, the probability approaches pretty closely to proof that dis- 
turbances of the pineal gland play an important role in the pathogeny 
of progressive muscular dystrophy. 

In criticism of this deduction, there may be advanced the statement 
that frequently otherwise normal individuals show shadows in the 
pineal gland. In answer thereto, Schiller of Vienna, who was the 
first to demonstrate the identity of the shadows with deposits in the 
pineal gland, states that in older persons who already have reached 
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the stage of calcification of the arteries, the shadows are but evi- 
dence of such calcified bodies in the pineal gland. But here we have 
three of the four patients under 24 years of age. The author per- 
sonally examined about 150 roentgenograms of the skull in the labora- 
tory of Dr. Lewis G. Cole of New York, and found only about 2 
per cent. with pineal shadow. 

To ask why changes in the ovaries or thyroid or pituitary gland, 
all of which changes have had their part in the production of symp- 
toms in many of the cases of progressive muscular dystrophy herein 
cited, should be laid at the door of a diseased pineal gland, brings up 
the whole question of the interdependence of the endocrine glands. 
Suffice it to say that the pineal gland is supposed to cease its function 
at puberty. If earlier or later, then the other glands partially com- 
pensate, producing their own particular symptoms in the endeavor to 
right the wrong. Occasionally this wrong is righted and a cure of 
the condition produced by the perverted pineal gland results. Thus 
have come about the several cures reported by Erb, Marina, Levi and 
Rothschild, and Jendrassik. In each of these cases a rapidly developing 
gonadal system incidental to puberty produced the cure. 

A final report of all the members of this family will be presented 
by me within the coming year, together with a short disquisition on 
the therapy of the condition based on the foregoing theory of the patho- 
genesis of progressive muscular dystrophy, namely, that the disease 


must be classed as an endocrinopathy. 





BLOOD CHANGES IN ALBINO RATS FOLLOWING 
REMOVAL OF THE SPLEEN * 


C. C. WOLFERTH, M.D. 
PHILADELPHIA 


INTRODUCTORY 


About a year ago, during the course of studies in the albino rat 
(Mus norvegicus-albinus) carried on under the direction of Dr. Alfred 
Stengel, on the relation of the spleen to the other glands of internal 
secretion, it was thought worth while to note incidentally any blood 
changes that might occur after splenectomy, since no references to 
such observations on the rat could be found in the literature. Among 
the first observations a few unusual and interesting phenomena were 
noted, which seemed to make a somewhat systematic study worth 
while. 

A fairly complete bibliography of the literature up to 1914 of the 
blood change; after splenectomy may be found among the references 
given by Meyer.* The most important work since that time is that of 
Pearce and his collaborators.’ 

Observations on man, dogs, rabbits, goats, sheep and other animals 
have shown that removal of the spleen is usually followed by certain 
alterations in the blood. The time of onset, the extent of the changes 
and the period of recovery are highly variable. This variability applies 
not only to the results of different investigators, but also to the data 
obtained from single series, in which the experimental conditions may 
be considered fairly comparable. The most important of the blood 
changes may be summed up as follows: 

1. Slight to moderate anemia, variable in time of onset, but usually 
within the first three or four weeks after splenectomy. Recovery 
from this anemia is usually complete within a period varying from a 
few weeks to a few months. 

2. Marked rise in leukocyte count followed by a gradual decline. 
slight leukocytosis with excess of lymphocytes and eosinophils tends 
persist for a long time. . 


> 


tc 
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* Submitted for publication July 3, 1916. 
*From the William Pepper Laboratory of Clinical Medicine and the Henri- 
etta Heckscher Fellowship in Medical Research, University of Pennsylvania, 
School of Medicine. 

1. Meyer, A.: Centralbl. f. d. Grenzgeb. d. Med. u. Chir., 1914, 18, 41. 

2. Pearce and Collaborators: The Relation of the Spleen to Blood Destruc- 
tion and Regeneration and to Hemolytic Jaundice, numerous papers, Jour. 
Exper. Med., 1912-1916. 
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3. Increased resistance of erythrocytes to hemolytic agents, such 
as hypotonic salt solution and hemolytic immune serums. 

None of the theories offered in the attempt to explain the cause of 
the anemia of splenectomy have proved adequate. Krumbhaar, Musser 
and Pearce,® as a result of their studies on blood regeneration follow- 
ing bleeding and the administration of hemolytic agents to splenec- 
tomized dogs, conclude that the anemia of splenectomy is cavsed by 
some factor, as yet unknown, operating in the absence of the spleen. 


MATERIAL AND METHODS 


All litters of rats used in this series were carefully selected from 
the colony kept at the Wistar Institute of Anatomy and Biology. The 
animals were kept in the animal house of the Wistar Institute during 
the course of the work. For these privileges I am indebted to Prof. 
H. H. Donaldson. I am further indebted to Professor Donaldson for 
many helpful suggestions during the course of the work. 

The ages of the animals at the time of operation varied between 
30 and 70 days, averaging about 45 days. In every experiment paral- 
lel observations were made on the splenectomized animal and a control 
of the same sex and from the same litter. Animals operated on and 
controls were always kept in the same cage. Operations were per- 
formed under ether anesthesia. Splenectomy in the rat requires only 
three to four minutes for its performance. There is practically no 
loss of blood. Recovery takes place promptly; within an hour the rat 
will run about the cage and by the next morning is apparently quite 
as active as the control. No wound infection, peritonitis or evidences 
of internal hemorrhage were discovered in the series. 

The blood for cell counts, hemoglobin estimations and study of 
reticulated cells was obtained by snipping the end of the tail with a 
pair of sharp scissors. A fairly free oozing of blood is required to 
obtain accurate cell counts and hemoglobin estimations. The Fleisch! 
hemometer was used throughout. For the study of reticulated cells 
brilliant cresyl blue stain was employed, according to the usual technic. 


BLOOD CHANGES FOLLOWING REMOVAL OF NORMAL SPLEENS 

The results of observations on red blood cell count, hemoglobin 
and reticulated cells are given in Table 1. The results are somewhat 
variable. Most splenectomized animals show a transient drop in cell 
count and hemoglobin, reaching its maximum in from one to three 
weeks. Nearly all appear to have recovered completely by the end 
of the fourth week after operation. Three out of sixteen show no 
evidence of anemia, but it is possible that more frequent blood counts 


3. Krumbhaar, E. B.; Musser, J. H., Jr., and Pearce, R. M.: Jour. Exper. 
Med., 1913, 18, 665. 





TABLE 1.—Srupies or Rep Bioop Cert Count, Percentace or HEMOGLOBIN 
AND PERCENTAGE OF RETICULATED CELLS IN 
Rats witH NorMAL SPLEENS 
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AND Percentace or Reticucatep CeLtts In Rats 
NorMAL SpLeens—( Continued) 





TABLE 1.—Srupres or Rep Bioop Cert Count, Percentace or Hemociosin 
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might have disclosed a slight degree. The drop in red cells is slight, 
but the hemoglobin percentage shows a distinct change. The average 
of fifty-eight examinations in the first five weeks after splenectomy is 
7,850,000 red cells and 79.2 per cent. hemoglobin; the average of 
forty-five readings in controls is 8,160,000 red cells and 86.6 per cent. 
hemoglobin. The average of the lowest readings in sixteen animals 
operated on is 7,350,000 red cells and 72.9 per cent. hemoglobin, the 
average of the lowest readings in thirteen controls is 7,740,000 red 
cells and 82.1 per cent. hemoglobin. The tendency to slightly more 
marked decrease in hemoglobin than red cells was found in dogs by 
Musser and Krumbhaar.* Five rats examined about eight months 
after splenectomy showed normal cell counts and hemoglobin. 

The leukocyte counts in the albino rat show such variations that 
conclusions regarding possible changes produced by splenectomy are 
difficult to draw. There seems to be a tendency toward development 
of slight leukocytosis. 

Examinations of stained specimens of blood from the young rat 
frequently show a few nucleated red cells. During the period of 
anemia following splenectomy they are sometimes found in fairly large 
numbers, as many as five normoblasts to one leukocyte. 

The normal variation in percentage of reticulated cells in young 
rats was found to be large; some showed as high as 16 per cent. In 
eight adult animals 3 per cent. was the highest number found. No 
changes that could be attributed to the splenectomy were discovered. 


RESISTANCE OF ERYTHROCYTES TO HYPOTONIC SALT SOLUTION 


Because of the extremely rapid clotting time of rat blood, a slight 
modification of technic was deemed advisable. 

Sodium citrate in 1.5 per cent. solution, just sufficient to 
prevent coagulation, was added to the blood immediately after its 
withdrawal. Two small drops of the citrated blood were added to 
each of seventeen tubes containing graduated concentrations of salt 
solution, beginning with 0.2 per cent. and increasing by 0.025 per cent. 
up to 0.6 per cent. The tubes were incubated for two hours, then 
placed in the ice-box for about sixteen hours, after which the readings 
were made. The first tinge of red visible throughout the entire solu- 
tion was considered beginning hemolysis; the first tube showing no 
distinct red sediment was considered as showing complete hemolysis. 

The blood of nine splenectomized animals tested four to five weeks 
after operation (Table 2) showed in every case markedly greater 
resistance to hypotonic salt solution than that of controls. Tests made 


4. Musser, J. H., Jr.. and Krumbhaar, E. B.: Jour. Exper. Med., 1913, 
18, 487. 
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about eight months after operation yielded somewhat different results. 
In one case resistance in animals operated on and control was iden- 
tical. In four other animals operated on the increase of resistance 
over that of the control animals was distinctly less marked than that 
observed in the earlier period. These few studies seem to indicate a 
tendency to eventual loss of the increased resistance. 
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BLOOD CHANGES FOLLOWING REMOVAL OF ENLARGED SPLEENS 


Many investigators have observed the occurrence of enlarged 
spleen in albino rats. The cause of this enlargement, according to 
Hatai,° has never been determined. Hatai found also that a heavy 


5. Hatai, S.: Am. Jour. Anat., 1913, 15, 87. 
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liver was likely to be associated with the heavy spleen. Professor 
Donaldson® has observed that otherwise apparently healthy rats kept 
out in the cold during the winter showed enlarged spleens. 

During the course of this investigation eight rats with enlarged 
spleens were operated on and the spleens removed. These eight rats 
all came from three litters. The general appearance, nutrition, weight 
and preliminary blood count in each case were within normal limits 
and corresponded with the data obtained from the other animals in 
the same litters. In two litters all the rats were slightly above the 
average weight for their age. In the third, all, including those with 
normal as well as those with enlarged spleens, were slightly below 
the average. No means were found of distinguishing the rat with 

‘larged spleen from the normal animal until the spleen itself was 
exp. sed to view. 

The gross appearance of the organ is characteristic. It is large, 
soft, with somewhat rounded edges. The color is dark, reddish blue. 
Microscopically there is found engorgement with blood and moderate 
hyperplasia of the lymphoid and endothelial cells. No evidences of 
inflammation or excessive hemolysis were observed. 

In view of these observations it was thought possible that the 
enlargement might be of the nature of a functional hypertrophy, either 
in response to a demand for increased splenic function to compensate 
for lessened or increased activity on the part of functionally corre- 
lated organs or tissues, or as part of a protective mechanism invoked 
by the body against infection or the products of infection. 

The data obtained in seven of these rats by examination of the 
blood is given in Table 3. In six of the seven the onset of an 
extremely rapid and severe anemia occurred in from three to five 
days. In Rat 25 the onset of the anemia was less rapid. It was not 
observed until the twentieth day after operation. Rat 47 died two 
days after splenectomy, before any study of the blood had been made. 
Examination, however, showed intense pallor and distinct icteroid 
tinge of tissues. 

Of the seven rats studied, all showed percentage of hemoglobin 
under 25 and red blood cell counts under 2,540,000. Six showed red 
blood cell counts under 2,000,000. These findings were in striking 
contrast to what was observed in sixteen rats from which presumably 
normal spleens were removed, in which the lowest hemoglobin 
estimation was 65 per cent. and the lowest red blood cell count 5,700,- 
000. The leukocyte counts also showed differences. As stated before, 
while the removal of the normal spleen is followed by a tendency to 


6. Donaldson: Personal communication to the author. 
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leukocytosis, the changes are not very marked. In this series there 
is a marked rise in the leukocyte count so that counts of 40,000 to 
50,000 are not unusual. 

Nucleated red cells were observed frequently, and occasionally in 
large numbers during the periods of anemia. They tended to dis- 
appear as the blood count returned to normal. A few studies of 
reticulated red cells showed extraordinary rises during the period of 
anemia. This is shown in striking manner in Rat 53, in which a pre- 
liminary count just before splenectomy showed 0.6 per cent. of skeined 
cells. A count made three days later showed 92 per cent. The fol- 
lowing day, only a few hours before death, 89 per cent. of the red cells 
were reticulated. All observations made on anemic blood showed high 
percentages of reticulated cells. None of the preliminary counts or 
those made after the blood had been regenerated gave abnormally 
high percentages. 

Seven of the eight rats succumbed. Four died within four days 
after operation. Rat 44 had one period of partial regeneration of the 
blood, but died eighteen days after operation. Rat 25 also had two 
remissions, in the latter of which the blood count returned completely 
to normal. This animal died forty-three days after operation. Rat 
28, the only animal that recovered, showed three periods of anemia 
before complete recovery. Examination of the blood 216 days after 
splenectomy showed it to be normal except for a slight leukocytosis. 

In all the five animals examined post mortem, the most striking 
thing observed was the marked pallor of the tissues and evident 
extreme anemia. Two showed distinct icteroid coloration of the 
tissues. No evidences of hemorrhage or infection could be found any- 
where in the body. The absence of the lung disease, so prevalent in 
older rats, was noted. The mortality of 87.5 per cent. in this series 
of rats with enlarged spleen following splenectomy is in striking con- 
trast to the mortality observed among twenty-five other splenecto- 
mized rats, of which one died about four weeks after operation. None 
of the other twenty-four died during periods of observation ranging 
from twenty-nine days to four months. 


COM MENT 


It seems probable that there is no important function peculiar to 
the spleen. The slight transient alterations following splenectomy, 
together with the new lymphoid tissue, make it seem likely that this 
lymphoid type of tissue normally shares with the spleen certain of 
its duties, and in the absence of that organ is capable of assuming 
a large part of the burden. 

If a diseased spleen were removed we should expect the results of 
splenectomy to be less in degree than usual, because compensation 
for splenic function had already partially occurred. 
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Musser has observed that in some chronic conditions the spleen may 
have been diseased so long and so extensively that a vicarious compen- 
sation of its function by other organs may have occurred, thus obscur- 
ing the effect of removal. The same idea is expressed by Meyer.' The 
latter would exclude observations after removal of the spleen for 
leukemia, pseudoleukemia and malaria enlargement, Banti’s disease, 
tuberculosis, echinococcus cyst and purulent affections, from the data 
of pure experiment, because compensation may be expected to have 
occurred. 

When a normal spleen is removed the alterations which result 
depend on the capability of related tissues to carry on in entirety the 
particular functions which had been in part performed by the spleen. 
The extent of the alterations probably depends in part on the amount 
and functional capability of the substituting tissues, the duration on 
the rapidity with which these tissues undergo functional hypertrophy. 

If, however, conditions of some sort were present in the body 
demanding increased function of the type carried on by the spleen, in 
response to which that organ had hypertrophied, we should not expect 
to find after splenectomy the large factor of safety which is present 
in the normal animal. We should expect to find an exaggeration of 
the phenomena that usually occur after splenectomy. 

As far as known with certainty at the present time the only 


untoward result of splenectomy is anemia. This anemia is variable 
as to degree and duration, probably depending in an inverse relation 
on the functional capability of the tissue ready to take the place of the 
spleen. Therefore, if a truly hyperfunctioning spleen were removed 
we should expect a severe anemia to develop. Such a result has 
occurred in all our rats with enlarged spleens. 


The cause of the anemia cannot be explained at the present time, 
but certain phenomena in connection with it stand out prominently 
and are suggestive in their relation to the rdle of the spleen in the 
mechanism of blood destruction and regeneration. 

The hematogenic function seems not only unimpaired, but capable 
of tremendous activity in the absence of the enlarged spleen. This is 
shown during the periods of severe anemia, when at times nearly every 
cell in the circulating blood is a young form. Thus we are forced to 
explain the anemia on the ground of increased hemolysis. The rapid- 
ity of development of the anemia, the jaundice, the overwhelming 
preponderance of young red cells, in some cases almost to the exclu- 
sion of other types, plainly tell the story of hemolysis. 


7. Musser, J. H., Jr.: Tt Arcuives Int. Mep., 1912, 9, 592. 
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SUMMARY 


1. Results of splenectomy were studied in sixteen rats whose 
spleens were presumably normal; also in eight rats with enlarged 
spleens. 

2. Rats after excision of a normal spleen showed a slight transient 
anemia, slight tendency to leukocytosis, well-marked increase in resis- 
tance of erythrocytes, no change in percentages of reticulated red cells. 
There was an inconstant increase in the number of nucleated red cells 
during the periods of anemia. 

3. Removal of enlarged spleens was followed by rapid and usually 
fatal anemia, hyperleukocytosis, marked increase in the number of 
nucleated and reticulated red cells and, in two cases, by distinct 
jaundice. 

CONCLUSIONS 


1. The variability of results following splenectomy is due to several 
factors, including the functional activity of the spleen and the func- 
tional activity and ability to compensate on the part of the tissues with 
function similar to that of the spleen. 

2. The associated phenomena make it appear almost certain that 
the anemia which develops after the removal of an enlarged spleen 
is of hemolytic type; thus more evidence is brought forward that the 


anemia of splenectomy is of hemolytic origin. 

3. The type of function exerted by the spleen in the mechanism of 
blood destruction and regeneration is necessary to life. Usually after 
the removal of the spleen there are left in the body other tissues 
capable of carrying on the function successfully. Under circumstances 
in which the function cannot be successfully assumed by other tissues, 
removal of the spleen is attended with disastrous results. 





EXPERIMENTS ON THE ORIGIN AND CONDUCTION 
OF THE CARDIAC IMPULSE 


VII. SINOVENTRICULAR AND SINO-AURICULAR HEARTBLOCK * 
J. A. E. EYSTER, M.D., ann WALTER J. MEEK, Ps.D. 


The criterion for sino-auricular heartblock in the mammalian heart 
that has been hitherto applied, both experimentally in the lower ani- 
mals and clinically in man, is the occurrence of dropped beats in an 
otherwise regular auricular rhythm. The only exception to this com- 
prises certain visual observations on hearts dying from asphyxia, made 
by Hering’ and others, the significance of which loses its value in 
the light of subsequent work (Eyster and Meek*). Neither the venous 
pulse nor the electrocardiogram in the higher animals gives evidence 
of activity in the sino-auricular node distinct from that of the auricle, 
and attempts to record by suspension methods in the exposed heart 
contraction of these two regions separately have been rewarded only 
with inconclusive results. It has seemed to us desirable therefore to 
carry out experimental procedures that should produce partial and 
complete sino-auricular block, if such conditions are indeed possible 
in the mammalian heart, and at the same time record separately the 
activity of the sino-auricular node and the auricles. This we have 
done in the present series of experiments by recording the action 
currents directly from the exposed dog’s heart with the string gal- 
vanometers. 

We have reviewed the experimental and clinical literature of sino- 
auricular block in two preceding publications.* Since the publication 
of the last paper, four additional clinical cases have been described 
by Levine. While there are reasons to regard the occurrence of 
dropped beats in an otherwise regular auricular rhythm as reliable 
evidence of blocking of the excitation above the auricle, there are, 
of course, other possible interpretations of this phenomenon and we 
cannot at present state that we have undoubted proof that sino-auricu- 
lar block may occur under any condition. The dropped beats may, 
for example, be due to failure of the pacemaker to generate excita- 
tions at certain periods, or to failure of the cardiac tissue to respond, 


* Submitted for publication July 11, 1916. 

*From the Physiological Laboratory of the University of Wisconsin. 

1. Hering: Arch. f. d. ges. Physiol., 1900, 82, 1. 

2. Eyster and Meek: Heart, 1914, 5, 137. 

3. Eyster and Meek: Heart, 1912, 4, 59. Eyster and Evans: THe ArcHives 
Int. Mep., 1915, 16, 832. 

4. Levine: Tue Arcuives Int. Mep., 1916, 17, 153. 
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for reasons other than failure of conduction. It is the main purpose 
of this paper to furnish proof of the occurrence of partial and com- 
plete sino-auricular block in the mammalian heart. 

In preceding papers of this series, especially the one immediately 
preceding,® we have demonstrated that the normal cardiac impulse 
arising in the upper portion of the sino-auricular node is conducted 
to the right auricle and to the auriculoventricular node by two sepa- 
rate paths. There is thus sinoventricular conduction to be considered, 
as well as sino-auricular conduction, and the possibility of blocking 
in either one or both of these conducting paths. 


EXPERIMENTAL METHODS 


The experimental results to be reported in this paper are derived 
in part from certain of the experiments yielding data of another 
nature and reported in the preceding publication and in part from 
additional experiments. All the experiments were on dogs anesthetized 
with morphin and ether. 

In nine preliminary experiments, the exposed sino-auricular region 
was subjected to torsion,® to gradual clamping, either of the node 
itself or the node was pulled through a clamp and this tightened 
down on the surrounding structures, and to the application of nicotin 
and cocain, in solution, in increasing amounts to the node and con- 
tiguous tissues. Electrocardiograms were made from the extremities 
and comparisons of negativity in different regions of the heart carried 
out by the direct application of nonpolarizable electrodes to the heart. 
In none of these was any evidence of partial sino-auricular block 
obtained and no effort was made to constitute complete block. Torsion 
and gradual clamping of the node or contiguous tissue produced 
usually acceleration of the rate, premature beats, and if carried far 
enough, temporary or permanent removal of the pacemaker to the 
auriculoventricular node or the coronary sinus portion of this node. 
Nicotin and cocain produced at first slowing of the discharge of the 
sino-auricular node, later abolition of its function and removal of the 
pacemaker. These experiments, therefore, so far as the production 
of sino-auricular block are concerned, were entirely negative. 

We then began a systematic effort to obtain evidence for or against 
the occurrence of sinus block by a series of experiments carried out as 
follows: On the exposed heart pairs of electrodes close together 
(within 1 or 2 mm.) were placed on (1) the sino-auricular node, (2) 
on the right atrium and (3) on the ventricular portion of the auriculo- 


5. Eyster, J. A. E., and Meek, W. J.: Tae Arcuives Int. Mep., 1916, 18, 775. 
6. Erlanger and Blackman: Am. Jour. Physiol., 1907, 19, 125. These authors 
have reported the occurrence of dropped beats in artificially perfused rabbits’ 
hearts as a result of this procedure. 
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ventricular node. Each pair was so arranged that it could be con- 
nected to one of two string galvanometers and simultaneous records 
of the electrical negativity in any two of the above regions made at 
any time on the same photographic record. Mechanical systoles of 
the right auricular appendage and apex of the right ventricle were 
recorded on the same record. In this way we cquld determine the 
time interval of negativity between any two of these regions and at 
the same time determine whether these different regions were mani- 
festing their usual sequence and rhythm. In other words, we have by 
this method a definite graphic record of the activities of these three 
regions, and the possibility of determining the relation between the 
activities of each. After determining the normal relation, gradual 
and progressive isolation of the sino-auricular node was carried out by 


Fig. 1—Normal beat immediately preceding the occurrence of partial sino- 
auricular and sinoventricular block in Experiment 34. The record shows, 
reading from top to bottom, (1) time record in one-fifth second intervals; 
(2) line made by signal pen; (3) record of mechanical systole of right auricle 
by lever of recording tambour in front of photographic registration apparatus ; 
(4) shadow of galvanometer fiber connected to two electrodes, one on the upper 
part, the other on the midregion of the sino-auricular node (upstroke indi- 
cates initial negativity of the uw ser end of the node); (5) duplicate shadow 
cast by (3), to be ignored in interpretation of record; (6) shadow cast by 
tambour recording mechanical systole (by downstroke) of right ventricle; 
(7) galvanometer fiber connected to two points lying about 2 mm. apart on 
the ventricular portion of the auriculoventricular node. 

Previous to this record ligatures had been tied across the sulcus terminalis 
above and below the sino-auricular node and the tissues along the intercaval 
borders of the node crushed by clamping. As a result of these procedures the 
Sa-Av conduction time had increased from a normal of 0.022 of a second to 
its average value of 0.03 of a second, as shown in the record from which the 
figure is reproduced. The average As-Vs is 0.18 of a second; the cycle length, 
0.50 of a second. 


cutting through the tissues around the node, by clamping and, in a few 
cases, by ligature. The methods employed for the cuts and for clamp- 
ing are described in detail in the preceding paper. Usually we 
attempted to make as much permanent separation of tissue by cuts as 
could be done without causing removal of the seat of impulse forma- 
tion from the sino-auricular node and then to subject the remainder, 
or part of the remainder, to gradual clamping, during which periods 
continuous records were made. Most of our attention was directed 
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to the normal sinoventricular conduction path, the path between the 
sino-auricular and auriculoventricular nodes, and the records taken 
during the above procedure comprised the movements of the gal- 
vanometer connected with these two regions along with the records of 
mechanical systoles. In some of the experiments, finally, suspension 
records of the right auricle and ventricle were made on smoked paper, 
in addition to the photographic records. 


INCREASE OF SINOVENTRICULAR AND SINO-AURICULAR CONDUCTION 
TIME AS A RESULT OF PARTIAL ISOLATION OF THE 
SINO-AURICULAR NODE 


As has been reported in the preceding paper of this series, there 
is usually a definite increase in the time of conduction from the sino- 
auricular node to the auriculoventricular node as a result of partial 
interruption of the paths between these two regions. The normal 
period may increase from 0.02 or 0.03 of a second to 0.05 of a second. 
An interesting fact was not infrequently noted in this connection, 
namely, that the increase in conduction time was usually greater 
immediately after the interruption than later, a partial return to the 
normal conduction time usually occurring after a few seconds. Ref- 
erence may be made to Table 6 of the preceding paper for these data. 
The time of conduction between the sino-auricular node and the right 
auricle, the sino-auricular period, was usually unaffected by partial 
isolation of the node, except along the auricular border. This latter 
procedure resulted in a definite increase. Finally, it is to be noted 
that in a number of instances it was possible to have, after the com- 
plete abolition of the normal sinoventricular conduction path, the 
conduction of the excitation from the sino-auricular node to the 
auriculoventricular by way of the right auricle. Under these circum- 
stances conduction time between the sino-auricular and auriculoven- 
tricular nodes was usually considerably prolonged, while sino-auricu- 
lar conduction time was of normal length or in some cases somewhat 
diminished. This occurred in only 27 per cent. of all cases; in 73 
per cent. conduction to the auriculoventricular node by way of the 
right auricle was apparently so difficult that auriculoventricular rhythm 
was at once established when the normal sinoventricular conduction 
was abolished. 

Depression of conductivity in the normal path of conduction 
between the sino-auricular and auriculoventricular nodes (sinoven- 
tricular path) leads therefore at first to increase in this conduction 
time. Further depression may lead to conduction by an abnormal 
path, that by way of the right auricle, in about one fifth of all cases, 
or it may lead to complete blocking of the impulse and the establish- 
ment of auriculoventricular rhythm. 
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PARTIAL SINO-AURICULAR BLOCK 


Systematic efforts were made to obtain partial sinoventricular block 
in twenty-one experiments. Summaries of these experiments are 
given at the end of this paper. Notwithstanding the fact that every 
experimental factor that we could control was directed toward the 
production of this condition, it will be seen that in only one case, 
namely, Experiment 34, was there partial block produced. In a con- 
siderable number of the experiments the seat of the pacemaker was 
shifted several times and at will between the sinoventricular and 
auriculoventricular nodes, records being constantly made during these 
transitions. Experiment 19 may serve as an example of cases in 
which this shifting was produced by clamping, release of clamp, and 
warming the sino-auricular node. In most cases the records showed 
that the transition from one type of rhythm to ancther was a sudden 
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Fig. 3.—Diagrammatic representation of the condition in a similar record 
to that of Figure 2, showing the relations between the activities in the sino- 
auricular and auriculoventricular nodes during partial sinus block. The con- 
dition shown is that of 6 to 5 and 5 to 4 partial sino-auricular and sinoven- 
tricular block. The diagram is drawn to scale from the record and measure- 
ments are given in millimeters. In the original record 0.01 of a second = 1.5 mm. 
In this diagram this is reduced one quarter, so that 0.01 of a second corre- 
sponds to 0.375 mm. Sa refers to the onset of the action current in the sino- 
auricular node, Av the same condition in the ventricular portion of the auriculo- 
ventricular node. Sa-Av refers to the period of conduction between these 
two regions. As and Ils refer to the onset of the systoles of the right auricle 
and right ventricle, respectively, and As-Vs to the auriculoventricular intervals. 


one, occurring within one or two beats; in others the change was 
somewhat more gradual. In every case, however, the change was 
unaccompanied by any evidence of block. So soon as conduction 
between the sino-auricular and auriculoventricular nodes became suf- 
ficiently reduced, the region of lower automaticity assumed at once 
the pacemaking function. The partial block produced in Experiment 
34 was complicated by the fact that the impulse, arising within the 
sino-auricular node, had been forced, by partial isolation of this node, 
to pass to the auriculoventricular node and the ventricles by an abnor- 
mal path, namely, by way of the right auricle. In this experiment 
production of interruptions in the normal sinoventricular path, above, 
below and on the intercaval border of the sino-auricular node forced 
the impulse to pass to the auriculoventricular node by way of the 
right auricle. This caused at first a lengthening of the sino-auricular 
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node—auriculoventricular node (Sa-Adv) conduction period from a 
normal of 0.022 to 0.05 of a second, then the occurrence of auriculo- 
ventricular rhythm, and finally the return of sinoventricular rhythm. 
Later this conduction period was gradually reduced to 0.03 of a second. 
At this stage of the experiment a clamp was applied along the auricu- 
lar border of the node and gradually tightened. There was an open 
space of several millimeters between the clamped area along the auricu- 
lar border of the node and the ligature that interrupted the path 
below the node. Gradual tightening of the clamp established the con- 
dition shown in the record of Figure 2. This rhythm is clearly that of 
partial sino-auricular and sinoventricular heart block, in which the 
sino-auricular node is generating five or six impulses during a period 
in which only four or five of these are conducted to the auricle. There 
is a gradual progressive increase of Sa-Av conduction until failure of 
conduction occurs, and one sino-auricular impulse is blocked. Fol- 
lowing ‘this, sino-auricular and sinoventricular conduction attains its 
shortest value, progressively to increase until blocking again occurs. 
The results from a similar record showing 5 to 4 and 4 to 3 partial 
block are diagrammed in Figure 3. Screwing down the clamp as 
tight as possible and interruption of the path in the open space between 
the clamp and the ligature below the node, by means of another clamp, 
stopped all conduction from the sino-auricular node and produced 
auriculoventricular rhythm. The degree of partial sinus block was 
not increased by this procedure, even temporarily; the passage to 
auriculoventricular rhythm was abrupt. 

So far as we have been able to find, this is the first time that abso- 
lutely definite proof has been obtained for the possibility of partial 
sinus block in the mammalian heart. With the exception of certain 
suspension curves of very doubtful interpretation supposed to show 
graphically the contraction of the sino-auricular region,’ the previous 
criterion that has been applied to the occurrence of sinus block, both 
experimentally and clinically, is the dropping of beats in an otherwise 
regular auricular rhythm or the sudden doubling or halving of the 
auricular rate. It is noteworthy in this connection that in the one 
instance of partial sinus block that we have obtained in this series of 
experiments the suspension curves give absolutely no indication of the 
condition or indeed -suggest any abnormality in rhythm. The true 
condition is only evident from the relation of the activity of the sino- 
auricular and auriculoventricular nodes, as registered by the action 
currents produced in these regions. 

Our experiments would seem to establish, in addition to the possi- 
bility of sinus block in the mammalian heart, the conclusion that such 


7. Rehfish: Arch. f. Anat. u. Physiol., 1906, Supplement, 152. 
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a condition is established only with difficulty. The difficulty of estab- 
lishment and comparative rarity of partial sino-auricular and sino- 
ventricular heart block in the mammalian heart is particularly striking 
in comparison with the ease of establishment and frequency of auri- 
culoventricular heart block. While there may be some factors in this 
connection with which we are unfamiliar or only partially aware of, 
we believe that our work has given the possibility of a reasonable 
answer to the question as to the cause of this wide difference in the 
frequency of establishment of partial sinus block and partial auriculo- 
ventricular block. The reason that sinus block is so rarely met with 
and so difficult to reproduce experimentally we believe to be due to 
three main factors: (1) the diffuse nature of the path of conduction 
from the sino-auricular to the auriculoventricular node; (2) the pos- 
sibility, in a certain percentage of cases, that when the normal sino- 
ventricular conduction path is abolished, conduction between the two 
nodes may occur by way of the right auricle; (3) the usual relatively 
small difference between the automaticity of the sino-auricular node 
and the auriculoventricular node. The nature and position of the 
normal path of conduction between the sino-auricular and auriculo- 
ventricular nodes, the normal conduction of the excitation, arising in 
the sino-auricular node to the right auricle and to the auriculoventricu- 
lar node by two separate paths with the possibility of conduction by 
one path when the other is abolished, and finally the relative auto- 
maticity of the two nodes have been discussed in detail in the pre- 
ceding paper on this series. The diffuse nature of the normal sinoven- 
tricular path necessitates a widespread lesion or other influence 
depressing normal conductivity, in order to interfere with conduction 
to the point of serious difficulty or abolition. This is in marked con- 
trast to that present in the conductive system between the auriculo- 
ventricular node and the ventricles, which occurs for a part of its 
distance over a very restricted path, the auriculoventricular bundle. 
The most important factor tending to prevent the occurrence of partia! 
sinoventricular block is, however, the relatively high automaticity of 
the auriculoventricular node in the mammalian heart. In thirty-four 
experiments, reported in the preceding paper of this series, in which 
auriculoventricular rhythm developed as a result of eliminating sino- 
ventricular conduction, the auriculoventricular node discharged at a 
rate equal to an average of 67 per cent. of the original sino-auricular 
discharge. In other words, in the average dog’s heart the auriculo- 
ventricular node may be regarded as possessing an inherent automa- 


ticity equal to 67 per cent. of the automaticity of the sino-auricular 
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node.* It is evident that if the condition of depressed conductivity 
between the sino-auricular and auriculoventricular nodes developed 
to the point at which every other or even every third impulse arising 
in the former node would be blocked, the automaticity of the auriculo- 
ventricular node would at once become dominant and auriculoven- 
tricular rhythm appear. In the average dog’s heart, therefore, the 
relations of automaticity between the two nodes are such that a partial 
sino-auricular block of greater degree than that represented by the 
blocking of every third or fourth impulse from the sino-auricular 
node would be impossible. Two to one partial block would be possible 
only in these cases in which the automaticity of the auriculoventricular 
node was less than half that of the sino-auricular node. This condition 
was not met with in the thirty-five experiments mentioned above nor 
in any of the experiments of the present series. 

It seems evident, therefore, in order for sino-auricular block of a 
type approaching that seen in auriculoventricular block, a 2 to 1 or 
even a 3 to 2 block, to develop, at least two conditions must be pres- 
ent: (1) a degree of depression in the sinoventricular conducting path 
of exactly the right amount to block every other or every third sino- 
auricular impulse and no more; and (2) a greater difference in auto- 
maticity between the sino-auricular and auriculoventricular node than 
the average or indeed that which seems normally to exist. It seems 
probable that in any case in addition to the depression in conductivity 
there must be a depression also of the normal automaticity of the 
auriculoventricular node. 

The previously reported cases of supposed clinical and experimen- 
tal sino-auriculo heart block, we believe, show certain interesting 
features in this connection. Of the nine clinical cases in which the 
absence of beats in an otherwise regular auricular rhythm were satis- 
factorily determined’ in only one was the condition ever such as to 
lead to the interpretation of a condition of a partial sino-auricular 
block in which more than every other impulse was blocked (2 to 1 
sino-auricular block). In this case (Case 2 of Levine) pauses equal 
to as long as five normal heart cycles were encountered. It is signifi- 
cant in this case, however, that at times, as a result of prolonged 
blocking of the sinus impulses, the heart began beating, not in auriculo- 
ventricular rhythm, but with an independent ventricular (idioventricu- 
lar) rhythm. It is fair to conclude, therefore, in this case that the 
automaticity of the auriculoventricular node was much depressed or 


8. Certain experiments which we have performed on the cat’s heart, and 
which will be reported subsequently, indicate an even closer relation between 
the automaticity of the sino-auricular and auriculoventricular node (particu- 
larly the auricular portion or coronary sinus region) in these animals than 
in the dog. 

9. Eyster and Evans: Footnote 3, second reference. Levine: Footnote 4. 
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abolished. The usual type of sino-auricular block that has been 
reported clinically in man consists of occasional dropped beats. In the 
case reported by Eyster and Evans,*® 2 to 1 block was observed occa- 
sionally, never a greater degree. Auriculoventricular rhythm devel- 
oped at times. The rate of discharge in this latter rhythm was evi- 
dently such as to prevent the development of a greater degree of 
partial block. In at least five of the clinical cases that have been 
reported the condition of block developed only after the administration 
of digitalis. The presumption in these cases is that the block devel- 
oped as a result of depression of conductivity induced by this drug. 
In the case of Eyster and Evans, in which block occurred indepen- 
dently of digitalis administration, there was abundant evidence that the 
condition was associated with a hypervagotonus. 

Of the previously reported probable instances of experimental sino- 
auricular block, that of Cushny™ following the administration of 
aconitin and that of Eyster and Meek® resulting from large doses of 
morphin were undoubtedly the result of the action of these substances 
on the vagal mechanism, and one can readily assume, along with the 
depression of conductivity, a depression of automaticity of the lower 
automatic regions. Possibly these substances produce block by a cer- 
tain degree of selective action on these parts. There is no evidence 
that stimulation of the vagus mechanism by the usual experimental 
methods ever produces this result. In Cushny’s experiments the evi- 
dence pointed to 2 to 1 partial block. In the experiments with morphin 
the usual type was 2 to 1, but a rhythm interpreted as 3 to 1 block 
occurred at times. Independent ventricular beats of idioventricular 
type occurred after prolonged blocking of the sinus impulse, a fur- 
ther indication of the depression of the normal degree of automaticity 
of the auriculoventricular node. 

We feel that it is clear, therefore, that two conditions must be 
fulfilled in order for a degree of sinoventricular or sino-auricular block 
greater than the occasional blocking of an impulse to develop in the 
mammalian heart: (1) a widespread disturbance in conductivity in the 
regions surrounding the sino-auricular node, and (2) a depression of 
the inherent automaticity of the auriculoventricular node below its 
usual value. The infrequency of the fulfilment of those two condi- 
tions, we believe, explains the comparative rarity of this condition clin- 
ically and the difficulty of its attainment experimentally. The condi- 
tions are in marked contrast to those present in the auriculoventricular 
conductive system. Here the conductive path in a part of its course is 
markedly circumscribed, and great differences exist between the auto- 
maticity of the sino-auricular node or even the auriculoventricular 


10. Eyster and Evans: Footnote 3, second reference. 
11. Cushny: Heart, 1910, 4, 1. 
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node and the automatic or idioventricular centers. Exact figures for 
the rate of discharge in idioventricular rhythm in the dog’s heart com- 
pared with the normal sino-auricular rhythm are unavailable, but it is 
certainly less than half. The ventricle in complete auriculoventricular 
heart block in man rarely beats at a rate greater than 30 per minute 
and frequently as low as 15 to 20 beats per minute. or from one-third 
to one-fourth the normal sinus rate. 

Experiments reported previously by us? have led us to the con- 
clusion that while normally the excitation spreads from its origin in 
the sino-auricular node directly to the right auricle and by a separate 
and diffuse path to the auriculoventricular node, two other possible 
paths may be employed. Interruption of the normal sinoventricular 
path leads to the spread of the excitation from the sino-auricular node 
to the auriculoventricular node by way of the right auricle in about 27 
per cent. of all cases. In these instances the sino-auricular and sino- 
ventricular paths are in part common paths. In the remainder auric- 
uloventricular rhythm develops. Interruption of the normal sino- 
auricular path does not abolish the reception of excitations by the 
auricle. Under those circumstances, if the sinoventricular conduction 
path is intact, it receives its excitations apparently by way of some 
part of this path, or perhaps from some part of the auriculoventricular 
node. According to this interpretation, partial sino-auricular block is 
impossible when the natural sinoventricular path is intact, and for this 
we have abundant experimental evidence. In a number of experiments 
gradual clamping of the direct auricular connections of the sino-auricu- 
lar node has been carried out without evidence of block. Complete 
interruption of these connections leads to an increase in sino-auricular 
conduction time, evidence of the more circuitous route taken by the 
impulse, but each impulse arising from the sino-auricular node reaches 
the auricle. Likewise, sinoventricular block, partial or complete, as a 
result of interruption of the normal sinoventricular path alone, is 
impossible in those cases (about 27 per cent.) in which the possibility 
of conduction to the auriculoventricular node by way of the right 
auricle is present. In the remainder partial sinoventricular block, 
independent of sino-auricular block, is conceivable and should be 
obtained experimentally if a sufficient number of careful attempts are 
made. 

COMPLETE SINO-AURICULAR BLOCK 


Interference with the conduction in the sinoventricular path to the 
point of its abolition leads to conduction to the auriculoventricular 
node by way of the right auricle or, as occurs more frequently, the 
assumption of dominance in automaticity by the auriculoventricular 


12. Eyster, J. A. E., and Meek, W. J.: Footnote 5; Heart, 1914, 5, 119. 
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node an/ the occurrence of auriculoventricular rhythm. In these cases 
in which conduction to the auriculoventricular node persists by way 
of the right auricle, auriculoventricular rhythm is in all cases pro- 
dueed finally by interruption of this conduction path. Every case of 
auriculoventricular rhythm produced by abolition of the sinoventricu- 
lar conduction paths may be considered as potentially one of complete 
sinoventricular heart block. Whether this condition can be actually 
constituted depends on whether one can prove that the sino-auricular 
node continues in activity under those circumstances. This we have 
succeeded in doing in two of the cases of auriculoventricular rhythm 
occurring in the experiments reported in this paper (Experiments 20 
and 25). In the remainder there has been no evidence obtainable that 
the sino-auricular node continues to discharge when its function as 
pacemaker for the heart has been taken over by a region of lower 


Fig. 6—Vagal stimulation during auriculoventricular rhythm may lengthen 
the As-Vs interval without causing a return of the pacemaker to the sino- 
auricular node. The records are to be interpreted as Figures 1 and 2. The 
left part of the illustration shows the condition before, and the right, during 
stimulation of the right vagus nerve. 


automaticity. These two instances demonstrate for the first time, 
however, the experimental possibility of complete sinoventricular 
block, that condition in which the sino-auricular node continues to 
generate impulses at approximately its normal rate and at a faster rate 
than the other region which is acting as the seat of origin of the heart 
beat. The excitations, arising within the sino-auricular node, exert 
no influence because of the interruption of the conduction paths con- 
necting this region with the other parts of the heart (Figs. 4 and 5). 

When the normal path of conduction from the sino-auricular node 
to the right auricle is abolished, the right auricle may continue to 
receive impulses from the node by way of the sinoventricular path, 
as described above. Interruption of the direct auricular connections 
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of the right auricle with the sino-auricular node results, therefore, 
net in sino-auricular block, as might be expected, but with merely a 
delay in conduction time from the node to the auricle. 

Theoretically, one might obtain partial or complete sinoventricular 
block with normal sino-auricular conduction. In these cases in which 
conduction of the excitation from the sino-auricular node to the auric- 
uloventricular node by way of the right auricle is impossible, and in 
which, therefore, interruption of the normal sinoventricular path 
results in auriculoventricular rhythm, it is conceivable that the right 
auricle might continue to receive its excitations from the sino-auricular 
node and thus beat at a faster rate than the remainder of the heart. 
This condition we have never met with, however, in any of our 
experiments. 

SUMMARY 


1. The possibility of partial and complete sinoventricular heart 
block has been constituted in the mammalian heart by independent 
registration of the activities of the sino-auricular node, right auricle 
and auriculoventricular node by means of the action currents pro- 
duced in these regions. 

2. Since normally conduction from the sino-auricular node to the 
right auricle and to the auriculoventricular node and ventricular con- 
ductive system occurs by two separate paths, a sino-auricular path 
and sinoventricular path, possibilities of block in either path must be 


considered. In a certain percentage of experiments it has been found 
that abolition of the sinoventricular path results in utilization of the 
sino-auricular path for conduction to the ‘auriculoventricular node. 
The single case of partial block described in this paper was concerned 
with depression of conduction in this path and was therefore combined 


sinoventricular and sino-auricular block. 

3. It is believed that there are two important factors which tend 
to prevent the establishment of partial sinoventricular block and which 
render it so difficult to obtain experimentally and explain its extreme 
rarity as a clinical condition. These are the diffuse nature of the path 
concerned in sinoventricular conduction and the relatively high auto- 
maticity of the auriculoventricular node. This latter region is prob- 
ably always more than half as automatic as the sino-auricular node. 
The establishment of partial sinoventricular block of a grade equal to 
or greater than that of a 2 to 1 relation requires, therefore, the simul- 
taneous operation of two factors, a depression of conductivity in the 
sinoventricular path of a certain definite degree, and a depression of 
the normal automaticity of the auriculoventricular node without any 
depression or with a less degree of depression of the sino-auricular 
node. 
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4. Complete sinoventricular block is a possible condition whenever 
auriculoventricular rhythm develops as the result of abolition of the 
sinoventricular conduction path. If the sino-auricular node continues 
under these conditions at its normal rate or at a faster rate than the 
remainder of the heart, the condition is one of complete sinoventricu- 
lar block. We have been able to obtain this condition in two of the 
cases of auriculoventricular rhythm resulting in those experiments 
from abolition of the sinoventricular conduction path. 


SUMMARIES OF EXPERIMENTS 


EXPERIMENT 1.—Electrocardiograms were made throughout the experimental 
procedures from Lead II. Torsion on exposed sino-auricular node by means 
of fine-pointed forceps produced shortening of P R interval. The gradual 
clamping of nodal tissue produced fusion of the P and R waves. There was 
no evidence of partial block at any time. 

EXPERIMENT 2.—Electrocardiograms were made from Lead II. Suspension 
curves of right auricle and right ventricle. The upper portion of sino-auricular 
node was caught in blunt forceps and submitted to torsion and twisting. There 
were numerous extrasystoles, but no evidence of block. Clamping the node 
produced coronary sinus rhythm, as indicated by the shortening of the As-Vs 
interval, lengthening of the cycle, and so confirmed by the determination of 
the point of initial negativity. 

EXperIMENT 3.—Electrocardiograms were made from Lead II. Comparisons 
were made to determine the seat of initial negativity and the relation of nega- 
tivity in different regions to mechanical systole of the right auricle. Sus- 
pension curves of right auricle and right ventricle. The gradual clamping of 
the sino-auricular node with a specially devised clamp produced auriculoven- 
tricular rhythm with As-Vs=O; P and R fused. There was recovery of 
the normal rhythm on loosening the clamp. There was no evidence of partial 
block on passage into or recovery from auriculoventricular rhythm. 

ExpertMent 4.—This was similar in every way to the last experiment. The 
clamping produced coronary sinus rhythm. There was no evidence of block. 

ExpertMENT 5.—This was similar to the last experiment. Clamping of the 
sino-auricular tissue produced numerous extrasystoles, an attack of auricular 
flutter, and finally recovery with heart in coronary sinus rhythm. There was 
no evidence of block. 

ExperiMENt 6.—This experiment was similar to the last, except that 10 per 
cent. cocain solution was applied to the sino-auricular node. This resulted in 
passage into auriculoventricular rhythm without evidence of block. 

ExperIMENT 7.—This was similar to the last experiment. Several applica- 
tions of 10 per cent. and 20 per cent. cocain solution caused at first temporary 
slowing of the sino-auricular rhythm without a change in the seat of the pace- 
maker. Later, a period of auriculoventricular rhythm resulted with subse- 
quent recovery of normal sino-auricular rhythm. There was no evidence of 
partial block at any time. 

ExpertmMENnt 8.—This was similar to the last experiment. Various strengths 
of nicotin applied to the sino-auricular node, namely, 1, 5, and 10 per cent., 
produced slight slowing of the sino-auricular rhythm without change in the 
seat of the pacemaker. Twenty-five per cent. caused transitory auriculoven- 
tricular rhythm with each application. There was no evidence of partial block. 

EXperIMENT 9.—This was similar to the last experiment. Weaker strengths 
of nicotin produced slowing of the sino-auricular rhythm. Transitory periods 
of coronary sinus rhythm were caused by 25 per cent. nicotin. There was no 
evidence of block at any time. 
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In most of the following experiments two galvanometers were 


employed with measurements of relative time of onset of negativity 


in different regions and changes in these relations during and follow- 
ing partial or complete isolation of the sino-auricular node. 


ExperIMENT 10.—Normally Sa-Ra=0.016, Sa-Av—0.028, As-Vs=—0.095, 
cycle =0.38. Tying a ligature across the sulcus terminalis below the node 
produced no change with the exception of several extrasystoles during the act 
of tying. Tying the ligature along the venous border of the sulcus produced 
an auriculoventricular rhythm lasting for about ten minutes, with Av-Sa= 
0.015, As-Vs =0.03, cycle =0.44. Sino-auricular rhythm returned with Sa-Av= 
0.04, Sa-Ra= 0.02, As-Vs=0.07, cycle, 0.41. There was no evidence of partial 
block during the tying of the ligatures or during the period of recovery of 
sino-auricular rhythm. 

EXPERIMENT 11.— Normally Sa-Ra=0.03, Sa-Av=0.012, As-Vs=0.08, 
cycle =0.33. A ligature was tied across the sulcus below the node. This 
produced transitory coronary sinus rhythm (Sa-Av=0.005), with return of 
sino-auricular rhythm within one minute. Sa-Av—0.023, As-Vs=0.09, cycle = 
0.35. Tying a ligature along approximately the lower half of the intercaval 
border of the sulcus produced coronary sinus rhythm, with Sa-dv=0.005, 
As-Vs=0.06, cycle =0.38. This rhythm was confirmed by direct comparisons 
of onset of negativity. Transition to this rhythm occurs within one beat with- 
out evidence of block. Coronary sinus rhythm persisted for about thirty 
minutes, when sino-auricular rhythm returned with Sa-Av=0.035, As-Vs>= 
0.08, cycle = 0.38. 

EXPERIMENT 12.— Normally Sa-Ra=0.011, Sa-Av=0.026, As-Vs=0.11, 
cycle =0.33. A ligatuge was tied along the intercaval border approximately 
the lower half of the sulcus. This caused a shift of the pacemaker from the 
upper to the lower end of the sino-auricular node. Sa-Av—=0.008, As-Vs= 
0.08, cycle =0.42. A ligature was tied across the sulcus below the sino-auricular 
node. This produced auriculoventricular rhythm: Av-Sa=0.025, As-Vs =0.04, 
cycle =0.47. The record taken during the tying of this ligature shows no 
evidence of partial block. Later Av-Sa=0.025, As-Vs=0.05, cycle =0.48. 

EXPERIMENT 13.—Normally Sa-Av=0.028, As-Vs=0.12, cycle=0.27. Two 
ligatures along the intercaval borders of the sulcus, together extending the 
full length of the node, produced no effect. Ligation across the sulcus below 
the node lengthened Sa-Av to 0.034. As-Vs and cycle remained unchanged. 
Ligation across the sulcus above the node produced auriculoventricular rhythm 
of the coronary sinus type. Av-Sa—0.003, As-Vs=0.08, cycle—=0.33. The 
record taken during the development of this rhythm shows no evidence of 
partial block. 

ExperRIMENtT 14.— Normally Sa-Av=0.026, Sa-Ra=0.02, As-Vs=0.10, 
cycle =0.43. A cut was made along the auricular border of the sulcus. There 
was no change except Sa-Ra lengthens to 0.026. A cut made across the sulcus 
below the node produced no further change. A cut along the intercaval bor- 
ders of the sulcus produced auriculoventricular rhythm, with Av-Sa=0.022, 
is-Vs=0, cycle=0.68. The records were made only after the interruptions 
were completed. 

EXPERIMENT 15.— Normally Sa-Av=0.022, Sa-Ra=0.013, As-Vs=0.08, 
cycle=0.29. A cut was made along the auricular border of the sulcus; 
Sa-Ra increased to 0.02, with no further change. A cut made along the 
intercaval border of the sulcus produced auriculoventricular rhythm with 
{v-Sa= 0.026, Vs-As=0.03, cycle =0.40. The records were made only after 
the interruptions were completed. 
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ExperRIMENT 16.— Normally Sa-Av=—0.03, Sa-Ra=0.014, As-Vs=0.10, 
cycle =0.42. A cut was made along the auricular border of the sulcus; Sa-Ra 
increased to 0.028, with no further change. A cut was made along the inter- 
caval border of the sulcus; the pacemaker removed to the lower end of the 
sino-auricular node; As-Vs=0.09, cycle=0.47. A ligature was tied across 
below the sulcus. Auriculoventricular was established, with Av-Sa=0.019, 
As-Vs=0.07, cycle=0.48. There was no evidence of partial block before or 
during the establishment of this rhythm. 

ExpertIMENT 17.—Normally Sa-Av=0.024, Sa-Ra=0.016, cycle=0.30. A 
cut was made along the intercaval border of the sulcus, with no change. A liga- 
ture was tied across the sulcus above the node, with no change. Ligatures 
were tied across the sulcus below the node. The first of these caused no 
change; the second produced auriculoventricular rhythm, with Av-Sa=0.031, 
Av-Ra= 0.038, As-Vs=0, cycle =0.36. No evidence of block in passage into 
this rhythm. 

ExpPerRIMENT 18.—Normally Sa-Av=0.035, Sa-Ra=0.03, As-Vs=0.14, 
cycle=0.29. A cut was made along the upper half of the intercaval border 
of the sulcus. There was a transitory period of coronary sinus rhythm with 
Sa-Av=0, As-Vs=0.09, cycle=0.33. Later there was a return to normal 
rhythm. A cut was made along the lower half of the intercaval border of 
the sulcus, with no change. A ligature tied across the sulcus below the node 
preduced auriculoventricular rhythm with Av-Sa=0.031, Av-Ra=0.047, 
As-Vs=0.04, cycle=0.37. There was no evidence of block in the develop- 
ment of this rhythm. 

ExpertMENT 19.—In this experiment galvanometer records were made only 
at times to determine with certainty the position of the pacemaker. Frequent 
records were made of the systole of the right auricle and ventricle on a 
Hiirthle kymographion. Ligatures were laid across the sulcus above and below 
the node. The upper one was tied without result; the lower one produced 
auriculoventricular rhythm. The As-Vs interval shortened from 0.11 to 0.03; 
the cycle lengthened from 0.38 to 0.47. This ligature was now removed and 
normal rhythm returned, with As-Vs=0.12, cycle =0.38. 

With the ligature above the node remaining tied, the lower ligature was 
removed and a clamp was inserted along the intercaval borders of the sulcus. 
Putting it in position produced no effect, nor did screwing it down tight. The 
clamp was now loosened and the ligature laid and tied across the sulcus below 
the node. This produced auriculoventricular rhythm with recovery of sino- 
auricular rhythm after removal. Later auriculoventricular rhythm was again 
established. Sino-auricular rhythm returned on application of warmth to the 
head of the sino-auricular node. This rhythm remained after tying the liga- 
ture again below the node, but auriculoventricular rhythm resulted when the 
clamp along the intercaval border was tightened. Loosening the clamp, remov- 
ing upper and lower ligatures and warming the node resulted in a return of 
sino-auricular rhythm. Auriculoventricular rhythm was again produced by 
replacing the ligatures and gradually tightening the clamp. Finally, applica- 
tion of heat to the node caused return of sino-auricular rhythm, with liga- 
tures and clamp in place. Transitory auriculoventricular rhythm with recovery 
was now produced several times and at will by traction on one or the other 
of the ligatures. Records were taken throughout the above procedures. Usu- 
ally the transition from sino-auricular to auriculoventricular rhythm occurs 
within one beat, in other cases the changes were gradual. None of the records 
give any indication whatever of partial block at any time. 

ExXpertMent 20.—This experiment is similar as to the procedures carried 
out and the results obtained as the last, except that the condition of complete 
sino-auricular block during the periods of auriculoventricular rhythm was 
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proved. A cut was first made along the auricular border of the sulcus. This 
was without effect. Ligatures were tied across above and below the node 
without change. A clamp was now placed along the intercaval border, con- 
necting the ligatures above and below and gradually tightened. Auriculoven- 
tricular rhythm resulted. The As-Vs interval shortened from 0.12 of a second 
to 0. The cycle lengthened from 0.40 to 0.53. On loosening the clamp sino- 
auricular rhythm returned. The transition from sino-auricular to auriculo- 
ventricular rhythm was abrupt, within one beat. Following the normal cycles 
of 0.40, there occurred a pause of 0.67 of a second and auriculoventricular 
rhythm set in at once with As-Vs of 0, cycle of 0.53. The production of and 
recovery from auriculo-ventricular rhythm was brought about several times 
by tightening and loosening the clamp. Later, after loosening the clamp, 
auriculoventricular rhythm continued. 

Stimulation of the right vagus nerve in this condition produced a transitory 
return of sino-auricular rhythm lasting for seven cycles, then return of auriculo- 
ventricular rhythm. The inotropic effect of the vagus on the auricle made it 
evident visually that the region of the sino-auricular node was beating at 
a much faster rate than the auricles or ventricles, and that we were dealing 
either with a definite partial or complete sino-auricular heart block. Electrodes 
were therefore placed in the usual position and the above procedures duplicated. 
These records show (Figs. 4 and 5), reading from top to bottom, (1) time 
in one-fifth second intervals; (2) signal pen; (3) galvanometer thread con- 
nected to electrodes on sino-auricular node and right auricle; upward movement 
of the curve indicating negativity in the node; (4) systoles of the right 
auricle, and (5) right ventricle, the systole being indicated by down strokes 
in each case. Figure 4 shows the transition from sino-auricular rhythm to 
auriculoventricular rhythm with complete sinoventricular block, as a result of 
tightening the clamp along the intercaval border. The transition occurs within 
one cycle. It is evident that the sino-auricular node is giving evidence of its 
activity here independently of the activity of any other part of the heart. 
The normal cycle length averages 0.42 of a second and the sino-auricular node 
continues to discharge at this rate during the auriculoventricular rhythm. The 
rate of discharge of the auriculoventricular node, which is now acting as 
pacemaker for the heart, is given by a cycle length averaging 0.55 of a second. 

Figure 5 shows the effect of vagus stimulation. The clamp was tightened 
just enough to produce auriculoventricular rhythm before this procedure. 
The sino-auricular rate of discharge before the vagus stimulation was indi- 
cated by a cycle length of 0.44 of a second. The auriculoventricular node dis- 
charged at intervals of 0.54 of a second. During the vagus stimulation there 
was a greater depressing effect evident on the discharge of the auriculoven- 
tricular than on the sino-auricular node, due, no doubt, to the fact that the 
ligatures and clamp had interfered with a part of the connections of the 
latter with the nerve. There is no definite relation between the sinoventricular 
and auriculoventricular impulses, during or before the stimulation, and the con- 
dition is evidently one of complete block.” The above procedures were 
repeated several times: normal sino-auricular rhythm, production of auriculo- 
ventricular rhythm by gradually clamping, the influence of vagus stimulation, 
and finally the return of sino-auricular rhythm as a result of loosening the clamp. 
At no time was there any evidence of partial block. 

13. It may be noted that in this and in subsequent periods of vagus stimu- 
lation, while auriculoventricular rhythm and complete sinoventricular and sino- 
auricular block persisted, the auriculoventricular interval lengthened from 0 to 
an average of about 0.08 of a second. Lengthening of the As-Vs interval on 
vagus stimulation during auriculoventricular rhythm does not necessarily mean, 
therefore, the return of sino-auricular rhythm, as has been generally assumed. 
A further example of this is given in Figure 6. 
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EXperiMENtT 21.—This experiment was similar to the last. A cut was made 
along the auricular border of sulcus, ligatures were applied above and below 
the sino-auricular node, and a clamp along the intercaval border of the sulcus. 
Coronary sinus rhythm was produced by tightening the clamp. The galva- 
nometer records showed no indication of activity of the sino-auricular node 
independent of that of the coronary sinus region. The apparently dropped 
beats observed in the records of the mechanical systoles were shown by the 
galvanometer records to be pauses following extrasystoles. 


EXPERIMENT 22.—Cuts were made along the auricular border of the sulcus 
and across the sulcus above and below the sino-auricular node without pro- 
ducing loss of function of the node as pacemaker. A clamp was now applied 
along the intercaval borders of the sulcus and was gradually tightened. The 
records made during this procedure showed no change until the sudden occur- 
rence of auriculoventricular rhythm. As-Vs shortened from 0.08 to 0; the 
cycle lengthened from 0.40 to 0.50. There was no indication of partial block. The 
galvanometer records show no indication of activity of the sino-auricular node 
independent of the auriculoventricular node during the auriculoventricular 
rhythm. 

ExperiMENt 23.— Cuts along the auricular border of the sulcus, above and 
below the node, caused no change in the pacemaker. Clamping along the inter- 
caval border of the sulcus produced auriculoventricular rhythm. Normal rhythm 
returned on loosening the clamp and warming the sino-auricular node. Auriculo- 
ventricular rhythm was produced by again tightening the clamp. The sino- 
auricular rhythm was restored by loosening the clamp and warming the node or 
by mild vagal stimulation. These experiences were repeated a number of 
times with records made during all procedures. There was no indication at 
any time of partial sino-auricular block. 

EXperIMENT 24.—This was practically identical in procedures and results 
to the last experiment. 

EXPERIMENT 24.—This was practically identical in procedures and results 
conclusively that complete sinoventricular and sino-auricular block may be asso- 
ciated with auriculoventricular rhythm. Auriculoventricular rhythm was pro- 
duced by a cut along the auricular border of the sulcus and ligatures above 
and below the node. Tying permanently one of these ligatures and traction 
on the other was sufficient to cause auriculoventricular rhythm to develop, 
sino-auricular rhythm returning on cessation of the traction. Galvanometer 
records showed an independent and more rapid discharge of the sino-auricular 
node during the periods of auriculoventricular rhythm. Numerous records 
made during the transition from one type of rhythm to the other showed no 
evidence at any time of partial block. During the auriculoventricular rhythm, 
vagus stimulation caused a greater slowing of the discharge from the auriculo- 
ventricular than the sino-auricular node. 

ExperiIMENT 26.—The coronary sinus rhythm was produced by a cut along 
the auricular border, ligatures above and below the node and clamping along 
the intercaval border of the sulcus. 

EXPERIMENT 27.—This was similar to last experiment. The coronary sinus 
rhythm was produced by a cut along the auricular border and ligatures above 
and below the node. 

ExpertMENT 28.—This was similar to last experiment. The auriculoven- 
tricular rhythm was produced by ligatures above and below the node and clamp- 
ing along the intercaval border. 

ExpertmMeNt 29.—Tying a ligature above the node caused a lengthening of 
the Sa-Av conduction time from 0.019 to 0.023. After four cycles there were 
six cycles of auriculoventricular rhythm in which Av-Sa=0.007 of a second, 
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and during which As-Vs shortened progressively from 0.11 to 0.02 of a second. 
These, were followed by a sudden return of sino-auricular rhythm with Sa-Av= 
0.04 of a second, and a gradual lengthening of As-Vs. The change in the seat 
of the pacemaker occurred within one beat, while the As-Vs shortened gradu- 
ally and also returned only gradually to its normal length on the restoration 
of sino-auricular rhythm. Tying the ligature across the sulcus below the 
node produced permanent auriculoventricular rhythm with As-Vs=0. The 
cycle lengthened from 0.32 to 0.39 of a second. Av-Sa=0.036 of a second. 
Vagus stimulation was without influence until the two ligatures were removed, 
when a transitory period of return of sino-auricular rhythm occurred, with 
Sa-Av=0.05, As-Vs=0.08 of a second. There was no evidence of partial 
block during the transitions from one type of rhythm to the other. 

ExpertMENtT 30.—Normally Sa-Av=0.031, As-Vs=0.19, cycle=0.35 of a 
second. A ligature was laid across the sulcus above the sino-auricular node. 
The first cycle after tying this ligature is an auricular extrasystole. The third 
cycle shows Sa-Av=0.035, while As-Vs has shortened to 0.027 of a second. 
The fourth cycle shows the same Sa-Av, while As-Vs has become zero. The 
fifth cycle shows Av-Sa=0.032, As-Vs=0. The sixth to the thirteenth cycles 
show Av-Sa=0.064, Vs-As=0.023. The fourteenth cycle is an ectopic ven- 
tricular beat. The fifteenth cycle shows Sa and Av simultaneous, As and Vs 
simultaneous. The sixteenth cycle after the ligature was tied shows Sa-Av= 
0.04, As-Vs=0. In the succeeding cycles, Sa-Av remains about the same, 
As-Vs gradually lengthens through succeeding cycles to 0.014, 0.051, 0.086, 
0.125, 0.150, 0.160, 0.166 of a second. The twenty-fifth cycle after the liga- 
ture was tied shows Sa-Av=—0.05, As-Vs=0.17 of a second. 

Ligaturing across the sulcus above the head of the node thus produced 
transitory auriculoventricular rhythm lasting for fourteen cycles, with return 
to sino-auricular rhythm with increased Sa-Av conduction time. In the transi- 
tion into auriculoventricular rhythm the change from Sa-Av to Av-Sa was 
abrupt, the change in As-Vs more gradual. This is even more marked dur- 
ing the return to normal sino-auricular rhythm. Here the change from Av-Sa 
to Sa-Av occurred within two cycles, while As-Vs showed a gradual and pro- 
gressive increase extending over seven cycles. 

Ligaturing across the sulcus below the node caused no change except a 
moderate shortening of As-Vs. After this ligature was tied, Sa-Av—0.05, 
As-Vs=0.13, cycle =0.38. Clamping along the intercaval border of the sulcus 
caused no further change. 

ExperIMENT 31.—Normally Sa-Av= 0.014, As-Vs=0.09, cycle=0.41. Liga- 
tion above the head of the sino-auricular node produced transitory auriculo- 
ventricular rhythm with changes similar to those described in the last experiment. 

EXperIMENT 32.—The changes in Sa-Av during the establishment of tran- 
sitory auriculoventricular rhythm as a result of ligation above the sino- 
auricular node differ from those in Experiment 30, in that they occur gradually 
and not abruptly. These changes in successive cycles subsequent to the liga- 
tion are as follows: Sa-Av=0.010, 0.007, 0.006, 0.005; Av-Sa=0.004, 0.007, 
0.014, 0.010, 0.010, 0.010, 0.006, 0.000; As-Vs=0.090, 0.073, 0.072, 0.073, 0.060, 
0.058, 0.057, 0.063, 0.063, 0.063, 0.068, 0.078; Sa-Av=0.015, 0.017, 0.020; As-Vs= 
0.088, 0.091, 0.010. 

Ligation across the sulcus below the node produced at first lengthening of 
Sa-Av to 0.035, and within one minute after the ligation there was auriculo- 
ventricular rhythm with Av-Sa—0,.027, As-Vs=0, cycle=0.44. Vagus stimu- 
lation failed to produce a return of sino-auricular rhythm, but caused the 
occurrence of numerous idioventricular beats. 

ExpertMENT 33.—Normally Sa-Av=—0.036, As-Vs=0.18, cycle =0.36. Dur- 
ing ligation above the head of the node there occurred successively two normal 
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beats, one ventricular extrasystole, one cycle, in which Sa and Av were simul- 
taneous and As-V’s=0.045, one ventricular extrasystole, one normal beat, one 
ventricular extrasystole, one auriculoventricular beat with Av-Se—0.03, 
As-Vs=0, one ventricular extrasystole, two normal beats, one ventricular 
extrasystole with retrograde conduction (Vs-As=0.08), one ventricular extra- 
systole. Then normal cycles continued with Sa-Av=0.045, As-Vs=0.16, 
cycle = 0.37. 

Ligation of sulcus below the sino-auricular node now caused successively 
one cycle with Av-Sa=0.07, Vs-As=0.065, one cycle with Sa-Av=0.02, 
As-Vs=0, one cycle with Sa-Av=0.03, As-Vs=0.135, then continuance of 
normal cycles with Sa-Av=0.04, As-Vs=0.14, cycle=0.43. 

Clamping the tissue along the intercaval borders of the node produced 
auriculoventricular rhythm with Av-Sa=0.019, As-Vs=0.10, cycle=0.49. The 
onset of this rhythm was abrupt. No further influence was exerted by a cut 
along the auricular border of the sulcus. 


ExpertMent 34.—Normally Sa-Av=0.022, As-Vs=0.15, cycle =0.54. Liga- 
tion across the sulcus below the node produced temporary reversal of the 
galvanometer on the sino-auricular node, then Sa-Av increased to 0.05, As-Vs 
increased to 0.17, and the cycle to 0.50. Later Sa-Av shortened to 0.03. Liga- 
tion across the sulcus above the head of the node produced several ectopic 
beats; then Sa-Av increased to 0.045, As-Vs=0.18, cycle=0.47. Clamping 
along the intercaval border of the sulcus increased Sa-Av to 0.05, and one 
minute later abrupt onset of auriculoventricular rhythm occurred, with Av-Sa= 
0.014, As-Vs=0.13, cycle=0.62. The clamp was now removed and placed 
along the auricular border of the sulcus. Following the loosening of the 
clamp, sino-auricular rhythm returned, with Sa-Av—=0.03, As-Vs=0.17, cycle= 
0.47 (Fig. 1). Clamping the auricular border of the sulcus produced sino- 
auricular and sinoventricular heart block. The results are shown in Figures 2 
and 3. In the record. (Fig. 2) the upper galvanometer curve records the 
activity of the sino-auricular node, the lower the auriculoventricular node. 
The upper tambour curve records, by its downstroke, mechanical systole of 
the right auricle; the lower, mechanical systole of the right ventricle. It will 
be seen that each period of activity in the sino-auricular node is followed by 
activity in the auriculoventricular node, but progressively later. The Sa-Av 
conduction period thus gradually lengthens until complete failure of conduction 
occurs. Three records made in the course of three minutes during this con- 
dition show that usually it was every sixth sino-auricular impulse which was 
blocked. Occasionally every fifth or every sixth sino-auricular impulse failed 
to be conducted. The condition may therefore be termed 6 to 5 and 5 to 4 
partial sino-auricular and sinoventricular block. There was a small open 
path of tissue about 4 mm. wide between the lower end of the clamp and 
the ligature across the lower part of the sulcus. Clamping this region did 
not increase the degree of block, but produced prompt auriculoventricular 
rhythm. 


Expertment 35.—Normally Sa-Av=0.013, As-Vs=0.10, cycle =0.36. Tying 
a ligature across the sulcus below the node caused at first three ectopic beats, 
then normal cycles, but with increased Sa-Av conduction (0.024). This returned 
after removal of this ligature, to 0.015 of a second. Ligation across the sulcus 
above the node lengthened Sa-Av to 0.04, but caused no further change. Tying 
a ligature below the node again produced in succession one norfnal cycle with 
Sa-Av =0.036, As-Vs=0.12; one auriculoventricular cycle with Av-Sa=0.32, 
As-Vs=0.048; one cycle with Sa and Av simultaneous, As-Vs—0.08; and 
then normal cycles with Sa-Av=0.036, As-Vs=0.105, cycle =0.38. One-half 
minute later the condition was the same, one minute later Sa and Av were 
found to be simultaneous; As-Vs=0.035, cycle=0.45. The next record, 
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one-half minute later, showed Vs-As=0.02, cycle =0.53, and one minute later 
a definite auriculoventricular rhythm was evident with Av-Sa=0.02, As-Vs= 
0.03, cycle=0.50. The change to definite auriculoventricular rhythm was thus 
gradual. At no time was there evidence of partial block. The auriculoven- 
tricular rhythm was permanent. Vagus stimulation temporarily lengthened 


As-Vs to 0.085, but caused no change in the seat of impulse formation.” 





THE OCCURRENCE OF NUCLEAR CHANGES IN THE 
RED BLOOD CELLS FOLLOWING SPLENECTOMY * 


QUINTER O. GILBERT, M.D. 
ANN ARBOR, MICH. 


Much attention has recently been given to the role and function of 
the spleen. Its relation to the destruction of red cells and to the 
catabolism of hemoglobin has been particularly emphasized, whereas 
much less has been noted concerning the function which it may play 
in controlling or affecting the histogenesis of these cells. The view 
that the histogenesis of red corpuscles is in some way dependent on 
splenic function is based primarily on the observation that following 
splenectomy the red blood cells show nuclear particles (so-called 
Howell-Jolly bodies), which were not present before the operation. 

Howell' in 1890 noted that following hemorrhage the erythrocytes 
of cats often showed small bodies, in many respects resembling nuclear 
material. These were described as “single, good-sized pieces of 
nuclear material, too large to be called granules, but having the shape 
and appearance of large nucleoli, which always lay imbedded in the 
periphery of the spherical corpuscle.” 

These bodies were also studied by Schmauch* and by Morris.* 
Although they were found to resemble nuclear bodies in that they were 
oval or round and took the nuclear stains, they differed from nuclear 
material in that they did not stain after fixation with ethyl alcohol, 
with methyl alcohol, with alcohol and ether, with alcohol and formalde- 
hyd or with heat for thirty seconds at the spheroidal point for water. 
Fixation with heat and shorter fixation with alcohol and formalde- 
hyd preserved these bodies fairly well. 

Similar bodies were found by Schmauch?* in 1899 in cats’ blood 
after pyrodin poisoning and after the administration of the extract of 
Bothriocephalus latus ; also by Schmidt* in 1902 in new-born rats, adult 


*Submitted for publication July 26, 1916. 

*From the Department of Internal Medicine, University of Michigan Med- 
ical School. 
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mice and in rabbits after phenylhydrazin poisoning ; by Pol* in rabbits 
after phenylhydrazin poisoning; by Jolly® in 1905 in normal pregnant 
rats, in new-born mice and white rats, as well as the embryos of 
white rats and mice; by Morris* in 1907 after pyrodin poisoning in 
rabbits. Morris’ also observed the bodies in nine cases of pernicious 
anemia, two cases of anemia of infants, two cases of secondary anemia 
and three cases of chronic myeloid leukemia. Naegeli® in 1908 also 
saw these particles in the blood of pernicious anemia, in the embryos 
of animals and in different forms of anemia. Cabot® pictures mul- 
tiple nuclear particles in the bone marrow cells which were not found 
in the peripheral blood. Richards and Johnson” and Huber™ observed 
these same bodies in congenital hemolytic jaundice. 

In all of these cases nuclear particles were found only occasionally, 
except in the cats’ blood. Although some of the bodies found in the 
cats’ blood did not conform entirely with the reactions of nuclear 
material, it seems to be generally accepted that they are true nuclear 
particles or directly derived from nuclei. 

In 1909 Morris’ called attention to these nuclear particles in the 
blood of a patient whose spleen had been removed, but at that time he 
did not attribute their occurrence to the removal of the spleen. In 
1908 Schur'* found many nuclear particles in the erythrocytes of a 
patient who showed a markedly atrophic spleen at necropsy. O. Roth’ 
in 1912 observed nuclear particles in the red blood cells of a patient 
whose spleen had been removed twelve years previously, and he esti- 
mated that there were as many as 20,000 per cubic millimeter. Mosse™ 
in 1913 found the “Jolly-kérperchen” regularly after splenectomy 
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schwerer macrocytischer anamie, Wien. med. Wchnschr., 58, 511. 
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von Milzextirpation, Ztschr. f. klin. Med., 1912, 76, 23. 
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Von DeCastello*® observed similar bodies in about 5 per cent. of the 
red blood cells one-half year after splenectomy. Hey with Riedel, 
found them also in four splenectomized dogs. Hirschfeld and Wein- 
ert’® in 1914 found nuclear particles in guinea-pigs after splenectomy 
and further observed that after bleeding these occurred in much larger 
numbers when the spleen had been removed. They quote Huber as 
having found them in rats and guinea-pigs after splenectomy. In 
addition they studied the blood of fourteen patients from whom the 
spleens had been previously removed. Six of these patients had had 
ruptured spleens, while the remainder had suffered from splenic anemia, 
miliary tuberculosis of the spleen, pseudoleukemia infantum, Banti’s 
disease or icterus with splenic tumor. Although the examinations 
were made from one to seven years after the operation, the blood 
which might otherwise be normal showed Jolly-kérperchen in each 
case. Hirschfeld with Klemper“’ noted their presence four hours 
after splenectomy. Morris** in 1915 reported three cases in which 
nuclear particles were found after extirpation of the spleen. Barron’ 
in 1915 found “Howell-Jolly” bodies in one case of splenectomy for 
pernicious anemia in which none were found before the operation. Lee, 
Vincent and Robertson* in 1915 reported five instances of splenectomy 
in cases of pernicious anemia in two of which the “Howell-Jolly” bodies 
were found the day following the operation and on the second day 
in the other three cases. They remained numerous from two to three 
months after the operation, despite the fact that the normoblasts and 
megaloblasts disappeared from the blood and the destruction of red 
blood cells had decreased or returned to normal limits. Hirschfeld* 
in 1915 found constantly the same nuclear changes in the red blood 
cells following splenectomy in various blood diseases. And I have 
recently found them in three cases of pernicious anemia without opera- 
tion and in one case of lymphatic leukemia, and in one case of severe 
secondary anemia, but only after prolonged search. 

In most cases no mention is made of their occurrence before the 
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operations, presumably because until recently attention has not espe- 
cially been called to their constant appearance in such large numbers 
immediately following splenectomy. 

The following cases of splenectomy were studied with special 
reference to the changes which occurred in the red blood cells: 


Case 1 (15-1508) (an atypical case of pernicious anemia with jaundice and 
ascites; marked improvement after splenectomy).—A Hungarian, aged 35, 
entered the University Hospital Oct. 26, 1915, complaining of weakness, lo:s 
of appetite, bloating and swelling of the feet. The family and personal history 
were unimportant. The present illness began in December, 1914, with weak- 
ness and loss of appetite. There was a marked improvement up to May, 1915, 
when a relapse occurred, with jaundice and swelling of the abdomen and feet. 
During his first stay in the hospital there were occasional sharp pains which 
radiated to the left back. 

On examination the patient showed a markedly sallow complexion, edema 
of the ankles, puffiness about the eyes and signs of ascites. There was no gen- 
eral adenopathy. The spleen could be felt, but the size of the liver could 
not be definitely determined. There were marked signs of anemia; other 
blood changes will be discussed later. 

The patient improved markedly, and left the hospital Dec. 9, 1915. He 
reentered on Jan. 29, 1916. In the interim his appetite had become worse, 
the ascites and edema more marked; there had developed a constant pain on 
both sides of the upper abdomen and the jaundice had gradually deepened. 
The anemia, however, had not grown worse. At no time were there any 
definite neurologic disturbances. On account of the ascites the size of the liver 
and spleen could not be definitely determined. The Wassermann was nega- 
tive. The urine gave a positive test for urobilinogen on the first entrance 
and a very marked positive test on the second entrance. There was an 
achlorhydria, and no occult blood or parasitic ova were found in the stools. 

The blood, as indicated in the table, showed a marked anemia, with a 
high color index and changes in the erythrocytes resembling those of per- 
nicious anemia. There were, however, fewer macrocytes than usually occur 
in pernicious anemia. 

The spleen was removed by Dr. Darling on Feb. 3, 1916. At the operation 
a large amount of bile-stained ascitic fluid was found. The liver was some- 
what enlarged, very firm and slightly paler than normal. The head of the 
pancreas felt larger and firmer than normal. The spleen was about three times 
the normal size. The pathologic examination by Dr. Warthin showed, “increase 
of stroma, marked passive congestion, all the blood spaces dilated, splenic 
follicles large, but the pulp showing rather marked lymphoid exhaustion. 
There were no myeloid changes, but the spleen looked as in early Banti’s 
disease.” 

The convalescence was uneventful except for a slight fever from the fifth 
to the eighth postoperative day. The jaundice and edema disappeared after 
about three weeks. Urobilinogenuria remained markedly positive for thirty- 
one days and then disappeared. 

Case 2 (16-485) (a case of pernicious anemia with edema, but without 
marked signs of hemolysis)—An American woman, aged 48, entered the hos- 
pital April 1, 1916, complaining of general weakness, swelling of the feet and 
ankles. The family history was unimportant. The patient had always enjoyed 
good health up to that illness, which began insidiously with weakness and 
indefinite aching pains in the arms and shoulders, but without paresthesia. A 
few weeks prior to the entrance to the hospital the feet and ankles began to 
swell, There had been considerable nausea and for a time a severe diarrhea. 

On examination a pale waxy color was noted, no adenopathy, and a very 
slight edema of the ankles. The liver was not enlarged, but the spleen was 
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definitely felt. Neurologic examination was negative. There was no uro- 
bilinogenuria. There was an achlorhydria. The blood urea was 0.025 gm. per 
100 c.c. The urine and Wassermann reaction were negative, and the stools 
were negative for occult blood. 

As will be seen from the table, the blood showed a marked anemia, with 
a high color index. The smears showed a decrease in platelets, some aniso- 
cytosis, a more definite macrocytosis, very few poikilocytes and an occasional 
normoblast and megaloblast. 

Splenectomy was done by Dr. Darling, April 27, 1916. “There was no 
ascites, the liver was not enlarged and not nodular. The spleen was about 
one and one-half times the normal size. There was very little hemorrhage 


at the time of removal.” 

The pathologic examination by Dr. Warthin was as follows: “Chronic 
passive congestion, diffuse fibrosis, sclerosis of arterioles, follicles hyperplastic, 
small peritoneal cyst in capsule; no evidence of excessive hemolysis or of 


increased blood formation.” 

The immediate postoperative recovery was interfered with because of a 
mild pneumonia or pulmonary infarct, which developed on the fourth day, 
followed by a rather delayed resolution. 

Case 3.—A man, aged 37, who now is a practicing physician in good health, 
had his spleen removed for Banti’s disease eight years ago. For the last six 
years his red blood cell count has been constantly about 4,500,000, and the 
white count between 5,000 and 6,000, with a hemoglobin of about 75 per cent. 


CHANGES IN THE WHITE CELLS 


Musser* has reviewed the literature of cases of splenectomy in 
which there was no primary blood disease, andl he found that there 
was usually an immediate polymorphonuclear leukocytosis, ofttimes 
a lymphocytosis and in many cases a transient anemia of the secondary 
type. His experiments, conducted in the laboratory of R. M. Pearce, 
have established that after splenectomy in dogs there is (1) on a 
mixed diet a secondary anemia for two and one half months; (2) an 
immediate leukocytosis; (3) an absence of eosinophils at first, fol- 
lowed later by an increase; (4) a decrease and later an increase in the 
large mononuclear and transitional forms. The effect of splenectomy 
on the blood counts of our patients is shown in the table. 

Case 1, following splenectomy, showed an immediate persistent 
leukocytosis, which was characterized by a marked increase in the 
polymorphonuclear neutrophils and an absolute increase in the large 
mononuclears and transitionals. The lymphocytes, which were abso- 
lutely decreased, and the eosinophilic and polymorphonuclear baso- 
phils, which were absent following splenectomy, later progressively 
increased. 

In the eighth week following splenectomy there was a transient 
but marked increase in large mononuclears, with a decrease in the 
polymorphonuclear forms. These mononuclear cells were about the 
size of the largest polymorphonuclear, and were characterized by 


22. Musser: An Experimental Study of Changes in the Blood Following 
Splenectomy, Tue Arcuives Int. Mep., 1912, 9, 592. 
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oval, discrete nuclei, a pale, flimsy cytoplasm and numerous large azure 
granules. After about eight days these mononuclear cells disappeared 
and at the same time large numbers of degenerating cells were present. 
This crisis of large mononuclear cells cannot be attributed to the 
removal of the spleen, because in Case 2 there was a similar transient 
increase in the large mononuclears two days before the spleen was 
removed. 

In Case 2 there was a more marked initial leukocytosis, which 
gradually decreased. As will be seen from the table, there was also 
an actual though variable increase in the large mononuclear and transi- 
tional forms. This was not so marked as in Case 1. There was also 
a marked decrease in the eosinophilic and basophilic polymorpho- 
nuclear, as well as in the large and small lymphocytes, which was fol- 
lowed by an increase after the first week. Possibly the mild pneu- 
monia affected the blood picture in this case, although the formula 
of change after operation is similar to that noted in Case 1. The 
white cell count in Case 2 decreased gradually despite the intercurrent 
injection. 

The blood platelets, which were almost absent in both patients pre- 
vious to splenectomy, showed a progressive increase. This was espe- 
cially marked in Case 2, in which the platelets were characterized by 
the presence of unusually large forms. 

The blood in Case 3 was interesting from the fact that in the 
smear examined, eight years after splenectomy, there was a marked 
absolute increase in the lymphocytes. 


CHANGES IN THE RED CELLS 


Both of our cases showed a fall in the number of red blood cells 
and in the percentage of hemoglobin. This persisted for about two 
weeks after the operation. 

The red cells in Case 1 became more normal in size and shape as 
recovery took place, while in Case 2 the macrocytosis became more 
marked, especially about two weeks after the operation. The changes 
in the red blood cells in Case 1 on the whole became less like per- 
nicious anemia as improvement took place, although the color index 
remained high, while in Case 2, with unquestioned pernicious anemia, 
these changes were even more marked during the period of our obser- 
vation. On a return examination eleven weeks after operation there 
existed the same changes in the size and shape of the red blood cells, 
although there apparently was a decrease in hemoglobin and a marked 
lowering of color index. 

Polychromasia was more noticeable during the early weeks follow- 
ing splenectomy, but was not in any definite way associated with the 
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occurrence of nuclear particles. Together with the increase in the 
number of nucleated red cells, this suggests that some less mature cells 
were in the peripheral blood at this time. 

In both patients there was an immediate increase in the number of 
nucleated red blood cells. For the most part they were of the normo- 
blast type. A few typical megaloblasts were found in Case 2. In 
both cases the nucleated forms of red cells gradually became less 
numerous. During the first two weeks there was a more marked 
polymorphism of the nuclei of the red cell, as well as division activity, 
characterized chiefly by budding and fission. During this time numer- 
ous transitions between typical nuclei and the nuclear particles could 
be found (Figs. 5, 10, 15, 16 and 17). The larger forms of the 
nuclear particles were also more in evidence. It was often indeed 
difficult to tell just whether a cell had a true nucleus or had a nuclear 
particle. After about two weeks these transitional forms became rare 
and the smaller types of nuclear particles were usually found. 


NUCLEAR PARTICLES FOLLOWING SPLENECTOMY 

The blood in Cases 1 and 2 showed no nuclear particles in the 
specimens examined prior to the operation. They appeared promptly 
after the operation, as will be seen from the table. The number of 
particles was estimated in proportion to the number of white cells 
present. 

In Case 1 twenty hours after operation there were 13,800 red blood 
cells per cubic millimeter, which showed nuclear particles. The num- 
ber increased rapidly, the largest number being present on the second 
day. The number remained high without any apparent relation to the 
changes in the number or kind of either red or white cells. 

In Case 2 nuclear particles were found on the first examination, 
sixteen hours after the operation. They gradually increased and were 
numerous on the seventh day after the end of the febrile period. 
Numerous other observers have found nuclear particles in large num- 
bers immediately after splenectomy, as well as an increase in the num- 
ber of megaloblasts and normoblasts. We were unable, however, to 
demonstrate any numerical relationship between the number of nucle- 
ated red cells and the number of nuclear particles. In fact no direct 
relationship could be established between the count of nuclear particles 
and any other changes which took place in the blood. 

The nuclear particles usually look like very small discrete pycnotic 
nuclei, as will he seen from the accompanying illustration; a series of 
cells can be easily arranged which show all the transition forms from 
a typical normoblastic nucleus to typical nuclear particles. From our 
preparations it would appear that these nuclear particles arise by one 
of two methods: (1) A small bud may be constricted off from the 
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normoblastic nucleus, or (2) the particles may arise as a result of 
direct fission, usually associated with nuclear condensation. Judging 
from the staining reactions, we conclude that the cells in which these 
changes were taking place were normal in every other respect. They 
usually stained like cell§ with the amount of hemoglobin of mature 
cells. .Further, the nuclei of normoblasts, from which nuclear par- 
ticles were seen to have arisen, and the nuclei of red cells, in which 
definite nuclear particles also occurred without evident division forms, 
were not decrepit and degenerating, but were, for the most part, to 
all appearances young, healthy nuclei. Occasionally, however, there 
were cells in which the normoblastic nuclei showed signs of degenera- 
tion, such as regular and irregular ring formation or intrabodily clump- 
ing of the protoplasm of fragmentation, together with a more acido- 
philic staining reaction with Wright’s stain. These cells, as a rule, 
showed other degenerative changes. But with rare exception we have 
noted that the occurrence and divi:-~ns of the nuclear particles were 
not associated with degenerative cell changes. 

Apparently direct fission occurred with equal regularity, no matter 
how small the particles became, and this seems to be the most common 
method by which the particles became smaller. Ne other definite 
scheme of division could be discovered. 

There is reason to believe that many if not eventually all of the 
particles leave the blood cells by a process of extrusion, as shown in 
Figures 37, 38 and 39. This event may occur before the nuclear par- 
ticles have reached their smallest size. We believe the finding of such 
figures shows this process is not an artefact in the preparations, 
because of the relative frequency in the finding and because of the 
number of recognizable, intensely staining nuclear bodies, entirely 
free from the cell bodies; and, further, that they were found in the 
thicker portions of the smears, where the least trauma would occur to 
the red cells in the making of the smears. These extruded nuclear 
particles were especially evident in the vital-stained preparations. 


STAINING REACTIONS 


As noted before, there was some discrepancy in the fixing and 
staining reactions of the bodies described by Howell, and this left some 
doubt as to their relation to true nuclear material. To clarify this 
point we made preparations by numerous ways. With Wright’s stain 
the nuclear particles in our cases stained as intensely as nuclei, They 
were sharply defined, usually with a definite, smooth contour, and in 
no way were they different from small pycnotic nuclei. Jenner's stain 
gave equally sharp results. 

After heat fixation for forty-five seconds at the spheroidal point for 
water, the bodies described were found to stain equally as well as the 








150 THE ARCHIVES OF INTERNAL MEDICINE 


nuclei with carbol-thionin or with methyl-green-pyronin and in undi- 
minished numbers. After alcohol fixation and staining with Giemsa 
they were found to stain well. Alcohol and alcohol-formaldehyd and 


saturated mercury bichlorid preparations when stained with carbol- - 
thionin were found to show the nuclear particles to stain.as other 
nuclei. | 


The vital stains made with polychrome-methylene blue showed the 
bodies in the same relative frequency as when stained with Wright's 
stain. 

Smears preserved for two months wrapped in paper showed the 
nuclear bodies as well as the fresh preparation when stained with 
Wright’s stain. With Ehrlich-Pappenheim triacid stain after heat 
fixation, however, only part of the bodies stained distinctly, as nuclear 
bodies should, while others stained irregularly, or only with the faint- 
est trace of green, especially in the periphery, and stili others were 
unstained and appeared as round, clear refractile bodies in the sub- 
stance of the red cell. Similar changes were noted with Ehrlich’s 
hematoxylin and eosin, but with less frequency. 

Preparations heated ten, twenty or thirty seconds at the spheroidal 
point for water and stained with carbol-thionin were not so good as 
those completely fixed at forty and forty-five seconds. Shorter heat- 
ing apparently did not materially increase the intensity of the staining 
with the triacid stain. 

Since heat-fixed preparations stained by other well-recognized 
nuclear stains gave good preparations, we do not hold the reaction 
with Ehrlich-Pappenheim triacid stain a valid argument against their 
being nuclear material, for this stain is well known to be somewhat 
less constant in its reaction than other blood stains, being especially 
sensitive to slight changes in the fixation procedure. 

As a rule, the nuclear particles showed no signs of degeneration, 
| such as changes in the staining reaction, clumping of nuclear sub- 
stance, or vacuolization, unless the cell itself showed signs of degen- 








eration. 
Normoblasts (Figs. 42 and 45) were not infrequently found which 


showed not only normal nuclei, but definite nuclear particles, and in 
addition the so-called granules of basophilic degeneration, which 
stained red with methyl-green-pyronin. These granules were small 
and had no regular contour, whereas the nuclear particles were 
definite, concrete, smooth, round or oval bodies, no matter of what 
size. Cells (Fig. 28 and 29) were occasionally found with many small 
nuclear particles, which gave the impression that a nucleus had 
exploded. Owing to the size and definite character of these bodies, 
they were unquestionably nuclear particles of nuclear origin. It seems 
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clear to us, therefore, that the nuclear particles have no definite rela- 
tion to the granules of basophilic degeneration. 

While nuclear particles are most common after splenectomy, with- 
out corresponding increases in the granulations and nucleated red cells, 
there may be in other blood diseases, as pernicious anemia, marked 
granulations with increase in the number of nucleated red cells with 
none or very few nuclear particles. 


COMMENT 

There can be little doubt that a close relationship exists between 
the loss of splenic function and the appearance of large numbers of 
nuclear particles in the blood. We have shown, as has been observed 
by others, that the nuclear particles occur in large numbers within a 
few hours after the removal of the spleen, and they continue to be 
present after the blood has become in other respects normal. That 
they occur independent of a primary blood disease is shown by the 
fact that they occur after the spleen has been removed in normal 
animals and in men (traumatic rupture of spleen). In no other con- 
ditions are they found with such constancy and in such large numbers 
as after splenectomy. 

Our studies have shown, further, that there is no definite numerical 
relationship between the nuclear particles and the presence of true 
nucleated red cells, or any other quantitative or qualitative changes in 
the peripheral blood. My preparations indicate that the nuclear par- 
ticles originate from otherwise normal nuclei, and that the particles 
do not show in themselves qualitative degenerative processes. 

It is true that following splenectomy there is evidence of increased 
bone marrow activity, as shown (1) by the increase in the number 
of nucleated red blood cells, (2) by the immediate increase in the 
polymorphonuclear neutrophils, and (3) by the increase in the large 
mononuclear and transitional forms. We include here the transitional 
and large.mononuclear forms, because, as shown by Evans,”* and to a 
less extent confirmed by me with the “indophenoblau” reaction, these 
cells, in a large part at least, come from the bone marrow. These 
evidences of increased activity on the part of the bone marrow later 
subside, while the nuclear particles still persist. 

Our staining reactions have shown these particles to be true nuclear 
material, and our drawings illustrate the way they arise from the 
nuclei of red blood cells; and since nuclear particles are present, due 
to the removal of the spleen, we conclude that the spleen in some way 
affects the normal disappearance of nuclear matter from the red blood 
cells. Such nuclear particles have been described in bone marrow, but 


23. Evans: Observations on the Origin and Status of the So-Called Transi- 
tional White Blood Cells, THe Arcuives Int. Mep., 1916, 17, 1. 











152 THE ARCHIVES OF INTERNAL MEDICINE 


to what extent apparently has not been determined. It is possible that 
we are dealing with an abnormal course of an otherwise normal process 
or that the process of denuclearization is arrested or slowed at some 
intermediary point, so that cells with the nuclear particles on the way 
to extrusion escape to the peripheral blood. 

From the facts that they occur without any definite relationship 
to normoblastic crises, and persist regardless of the condition of the 
blood, whether after splenectomy in experimental animals, in man with 
or without blood diseases or in conditions of recovery after splenec- 
tomy in definite blood diseases, it would seem that they are not 
definitely associated with the process of regeneration, or at least cannot 
be taken as an index of regeneration. 

It is possible that the loss of the splenic function so affects the 
ripening process of red cells that a more resistant cell is produced, and 
to this one might attribute in part at least the beneficial results of 


splenectomy.** 


24. In addition to the references already given, the following will be found 
of interest: 
Moffit: Studies in Pernicious Anemia, Tr. Assn. Am. Phys., 1914. 
Huber: Ueber den Einfluss der Milzextirpation bei perniciéser Anamie, 
Berl. klin. Wchnschr., 1913, 50, 2179. 





THE EFFECT OF HEAT AND CONTINUOUS INCAN- 
DESCENT ELECTRIC LIGHT IN EXPERI- 
MENTAL ARTHRITIS * 


WALTER E. SIMMONDS, M.D., ann J. J. MOORE, M.S., M.D 
CHICAGO 


In a previous paper’ the writers found that the production of 
experimental arthritis was either prevented or was much milder in 
degree in rabbits treated with the continuous incandescent electric 
light than in those not so treated. Three of the five series however 
were in a cage the temperature of which was 15 to 20 C. above that 
of the room, giving a combined effect of heat and light. In one series 
the heat was eliminated to a great extent, but the series was too small 
to draw any definite conclusions. A comparison of the groups shows 
that of twelve rabbits treated with the light and heat there was an 
average of one lesion per animal, while the twelve controls had an 
average of 2.7 lesions per animal. In the series treated with light 
alone, the temperature being from 4 to 6 C. above the surrounding 
room temperature, six treated had an average of 1.7 lesions, six con- 
trols an average of 2.7 lesions. From this it would appear that light 
and heat produced the better results. 

The following is a continuation of the study with some additional 
phases. Some of the animals were treated by heat alone, while others 
received as far as possible a simple light effect. 

The rabbits used were about 1,000 gm. in weight. Those treated 
by means of an artificial temperature were placed after inoculation into 
a cage having glass sides and a metal door and top. This was heated 
from below by means of an electric stove or plate. Platforms were 
introduced within the cage, leaving air spaces between, in order to 
promote radiation in a uniform manner. The temperature was main- 
tained at from 33 to 35 C. 

The cage for light effects was of open wire, allowing a free circula- 
tion of air and containing three 150 watt Mazda globes. The tem- 
perature within this cage was from 4 to 6 C. above the room tem- 
perature. 

The organism used was the Streptococcus hemolyticus of a suffi- 
cient dosage to produce arthritis in from 4 to 7 days, but not of such 


* Submitted for publication Aug. 2, 1916. 

*From the Department of Therapeutics and Experimental Medicine, Uni- 
versity of Illinois, College of Medicine, Chicago. 

1. THe Arcuives Int. Mep., 1916, 17, 78. 
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strength as to cause death. Injections were made into the marginal 
vein of the ear. 

Six series of nine rabbits were used, including the controls. Three 
were placed in the box for heat treatment, three in the open cage for 
exposure to the effects of continuous incandescent electric light and 
three had no treatment. 

In the first series the animals exposed to temperature effects pre- 
sented one distinct lesion; those to the incandescent light, one; while 
the rabbits not treated had four joints affected. 

The second group gave a result of no distinct lesions in the heat- 
treated, one in the light-exposed animals and two in those not treated. 

The third series showed the heat-treated animals with no lesions, 
the light-treated with five and the untreated with no definite lesions. 

As the controls were not having lesions, the dosage of the living 
‘streptococci for the following groups was increased. 

The next results were three lesions in the heat-treated group, five 
in the light-treated, and fourteen in the untreated group. The first- 
mentioned were mild involvements, the second slightly more promi- 
nent, while the rabbits not under treatment showed eight severe joints, 
one animal being moribund when killed for necropsy. 

The fifth group had the following involvements: heat-treated three, 
light-exposed seven, untreated thirteen lesions, six classified as very 
severe. 

The last series gave the following result: animals in heat box, five; 
in light cage, nine ; and untreated, seventeen arthritic lesions. 

To review the above factors, heat-treated rabbits presented twelve 
distinct lesions, those exposed to light twenty-eight, and the animals 
not treated nearly twice as many, or 50 joints. One irsportant feature 
was that the treated animals were recovering while some of the 
untreated were very sick when examined previous to necropsy. In 
other words, although the treatment did not prevent arthritis in all 
instances, the lesions were much milder and recovery more rapid, thus 
confirming our previous findings.* 

The consideration of weights presents some interesting points, in 
that the heat-exposed rabbits gained only 559 gm., while those exposed 
to light gained 2,610 gm. The animals not under treatment gained 
1,098 gm. 

One might expect a higher body temperature in groups exposed to 
a higher degree of heat, but a composite average shows heat-exposed 
animals at 39.7 C. (103.4 F.), light-exposed, 39.8 C. (103.6 F.), and 
those at room temperature, 39.9 C. (103.8 F.). 
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As will be seen in Table 1, the number of joints involved per rabbit 
in the heat-treated group was 0.7, or a total of twelve, one of these 
classed as severe; the number of joint lesions in the light-treated was 
1.6, or a total of twenty-eight, seven being severe; and the number per 
rabbit in the untreated was 2.7 or a total of fifty, nineteen being severe. 

There were five deaths among the heat-treated rabbits, while none 
occurred in the light-treated or the untreated. Postmortem examina- 
tions demonstrated pulmonary lesions in each instance as the cause of 
death. 

The animals treated by heat did not gain as well as the light-treated 
rabbits and were more prone to pulmonary affections. The light 
treated animals, while they exhibited a higher average of lesions, 
gained more weight and death did not occur in any of the rabbits so 
treated. The untreated rabbits gained less than the light-treated and 
seemed in greater distress than either of the other series, their lesions 
were more numerous and severe, but did not result in fatalities. 


TABLE 1.—Comparison or THE Totat Resutts InN EIGHTEEN RABBITS 
Treatep BY Heat, E1gHTeeN sy Licut ANp HEAT, WITH A 
SimILak NUMBER OF UNTREATED ANIMALS 

Heat Light 
Treated Treated Untreated 
Number of joints involved per rabbit . 1.6 27 
Severe lesions 7 19 
PN | errr ‘ 145 61 
Average daily temperature , 103.6 103.8 
Average maximum temperature 5. 105.2 105.4 
Deaths 5 0 0 


Further experiments now in progress to ascertain the effect of 
continuous light with heat produced by the light, and the effect of 
light and heat in treating lesions after their appearance, further tend 
to confirm our observations. In fact the results have been so encour- 
aging that apparatus is being constructed for the treatment of human 


patients. 
CONCLUSION 

It is evident from the results of our experiments that the treated 
animals were decidedly benefited as far as the arthritic manifestations 
were concerned. We feel that our series is too small as yet, and 
because the deaths from pulmonary infection somewhat vitiated its 
results we cannot draw any definite conclusions regarding the merits 
of dark heat versus light. 




















FURTHER QUANTITATIVE STUDY OF THE DUO- 
DENAL BLOOD-DERIVED PIGMENTS * 


J. P. SCHNEIDER, M.D. 
MINNEAPOLIS 


In this, our second year’s work, we have entertained with reference 
particularly to pernicious anemia a twofold objective, namely, the 
determination of pigment values after splenectomy in cases estimated 
quantitatively prior to operative interferences, and a critical study of 
the relationship between the pigment output and red cell count in 
parenteral anemias. It would seem that a study of the blood-derived 
pigments before and after splenectomy as undertaken above might 
shed some light on the reasonableness of the hypothesis of hyper- 
splenism ; whereas the latter analyses would serve to demonstrate indi- 
rectly the state of the bone marrow. Incidentally a variety of non- 
hemolytic diseases have been studied, including enteral-bleeding ane- 
mias with pernicious-like blood pictures. 

Following precisely the technic elaborated in our previous work’ 
we made a total of fifty-seven determinations in forty individual 
patients, which are here recorded. Of these, twenty-one are cases of 
pernicious anemia and one hemolytic icterus. A total of seven patients 
with pernicious anemia of this series and one with hemolytic icterus 
have been splenectomized. Three of the former have been studied 
both before and after the operation. Two patients are included in 
whom splenectomy had been performed a year previous.*. The mate- 
rial for this study has been drawn largely from the University Hospi- 
tal and outpatient clinic, ten are referred patients and six were studied 
at the Rochester Clinic. 

In Table 1* are grouped together the determinations made in cases 
of pernicious anemia and hemolytic icterus with spleens retained. A 


* Submitted for publication Aug. 15, 1916. 

* Read at the April, 1916, meeting of the Minnesota Pathological Society. 

1. Schneider, J. P.: The Splenic Pathology of Pernicious Anemia and Allied 
Conditions, THe Arcuives Int. Mep., 1916, 17, 32. 

2. In no instance is a determination included in which the slightest variation 
in technic obtained, or such as not strictly fresh duodenal contents were used. 
The Kirchoff and Bunsen large model spectroscope was used in all of these 
determinations, diluting the original contents as indicated in our previous paper 
A handy-sized instrument, so constructed as to lend itself to a reading of the 
values of urobilin and urobilinogen on a micrometer scale without the necessity 
of diluting the original solution, is in the course of construction. 

3. The term “H.-H. Index” heading the last column is an abbreviation for 
the proposed designation, “hematopoietic-hemolytic index,” the nature and mean- 
ing of which will appear subsequently in the text. 
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mere glance at the table will serve to show, as we demonstrated in our 
last year’s work, the striking values of urobilin and urobilinogen in 
the hemolytic anemias. Urobilinogen, which is normally absent or 
present as a mere trace, may and at times does exceed in value that 
of urobilin. 
value of the two pigments been less than 2,000. 


In no undoubted case of pernicious anemia has the total 


TABLE 1.—DererMINATIONS IN CASES OF PERNICIOUS ANEMIA WITH SPLEENS RETAINED 


Case 
No. Date 


6/22/15 
6/10/15 
10/23/15 
9/16/15 
10/ 6/15 
3/ 1/16 

2/16 

2/16 

3/16 
3/14/16 
3/16/16 
3/19/16 
3/22/16 
3/28/16 
4/10/16 
6/14/16 
5/20/16 
3/12/16 
4/20/16 
5/20/16 


Name 


Mr. 8. 
Mr. 8. 
Mr. 8 
Mr. B 
Mr. B 
Mrs. B. 
Cc. 8. 
Mrs. T. 
Miss G.* 
W. H. 
Miss L. 
Mrs. 8S. 
Mr. P. 
W. M. 
Mr. M. 
Mr. H. 
Mrs. 8. 
Mrs. F. 
J. B. 
Dr. M. 
Mr. H. 
Mrs. H. 


Urobilin 
Bilirubin Urobilin ogen 


Blood 
Count 


Hemo- | 


| 
globin 


Index Total 


2,800,000 3,000 


,200,000 2 +++ 2,800 
4,000 000 
2,000,000 

Not recorded 
3,600,000 

1,700,000 
1,000,000 
2,500,000 
1,300,000 
1,600,000 
2,840,000 
1,960,000 
2,940,000 
4,000,000 
2,000,000 
1,500,000 
2,500,000 
1,300,000 
1,500,000 
2,400,000 
1,750,000 
1,500,000 

270,000 


1,970,000 


H.-H 
Index 


ease of hemolytic icterus 


Case 38 would appear to be an exception; but while it is listed as 
a case of pernicious anemia, there are several other features not in 
accord with the findings generally observed, namely, the lack of pleo- 
chromia in the bilirubin values and the physical findings of emaciation, 
certainly rare in pernicious anemia. Case 1 is a continuation study of 
a last year’s patient, dealt with fully in Curve 1. 
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Of these, three were observed over a long period of time, repeated 
duodenal estimations having been made after the operation in order 
to establish the nonaccidental nature of the findings. It will be 
observed that the pigment values suffer a definite reduction to a normal 
level as soon as two weeks after ablation of the spleen and remain 
at that level as long as studied, in Case 5 during the ensuing five 


. | Table 2 embraces five of the seven cases of splenectomized patients. 


TABLE 2.—Dererminations 1n Five Cases or Pernicious ANEMIA 
BerorE AND AFTER SPLENECTOMY 

















Blood Hemo- | Urobilin- H.-H. 
Case No. Date Name Count globin | Index Bilirubin Urobilin ogen Total Index 
Before a: es a 2 ie Eas eS 
splenectomy | | 
4 9/16/15 Mrs. B. * 2,500,000 6 | 09 +++ 1,400 1,200 2,600 0.85 
After 
splenectomy | 
4 11/16/15 Mrs. B. 3,900,000 7 | O09 ++ 400 0 400 
4 12/22/15 Mrs. B. 3,500,000 65 0.92 ++ 1,200 200 1,400 
4 2/23/16 Mrs.B. 4,300,000 1 | «(08 ++ 1,200 0 1,200 
Before 
splenectomy 
5 10/ 6/15 c. 8. 1,300,000 6 | 14 +++ 1,400 1,000 2,400 0.61 
After 
splenectomy 
5 1l/ 1/15 C. 8. 1,900,000 % 08 ++ 1,000 200 1,200 
5 11/26/15 Cc. 8. 3,000,000 70 13 ++ 1,000 0 1,000 
5 12/ 8/15 ©. 8. 4,000,000 70 | 0.87 ++ 800 0 800 
1 5 1/14/16 Co. 8. 3,500,000 70 1 t+ 1,400 0 1,400 
5 3/ 7/16 Cc. 8. 4,700,000 83 I ++ 800 0 800 
Before 
splenectomy 
15 4/10/16 Mrs. 8. 1,500,000 25 0.83 ++4 3,600 2,000 5,600 12 
After 
splenectomy 
15 4/30/16 Mrs. 8. 2,500,000 39 0.8 ++ 1,200 200 1,400 
Atter 
splenectomy 
21 3/ 2/16 M. 8. ad o« oeees ++ 400 0 400 
22 5/ 1/16 Mr. 8. 1,750,000 Notre-| ..... ++ 1,200 2,000 3,400 





corded 








* Not recorded but moderately low count. 


months. Ten months have elapsed since patients in Cases 4 and 5 
were splenectomized, five since the patient in Case 15 was operated on. 
All are in good health with the exception of a persistence of the cord 
changes. 

That a reestablishment of pathologic hemolysis with the resulting 
increased blood-derived pigments does not occur in postsplenectomized 
cases’ when a recurrence apparently sets in a year later is strongly 
probable from the findings in Cases 21 and 22 of Table 2. The patient 
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in Case 21 had beén splenectomized, a brilliant postoperative blood 
rise recorded, apparently a complete return to good health established, 
when under the stress of business cares a recurrence took place. A 
duodenal estimation at this time records nonhemolytic values—on the 
contrary, oligochromemia. The most plausible explanation would be 
that the hematopoietic function was below normal delivery at the time 
of the operative interference and subsequently failed more and more 


TABLE 3.—DererMINATIONS IN VARIoUuS DISEASES 








Case Blood Hemo- Bili- Uro- Urobi- 

No. Date Name Disease Count globin Index rubin bilin linogen Total 
1 4/26/15 P. W. Un cc cseterncnsde 5,000,000 100 1 ++ 900 0 900 
1 4/29/15 P. W. PEs o cen ccocsevess 5,000,000 100 1 ++ 1,000 0 1,000 
2 4/26/15 Mrs. W. Pericholecystitis..... , 4,200,000 85 1 > 800 0 800 
3 5/31/15 Mrs. H. Liver hydatid............| 4,600,000 WO 1 ++ 600 0 600 
4 5/16/15 Mrs. 8. Secondary anemia...... 2,800,000 60 1 “+ 200 0 200 
5 2/ 1/16 Mr. R. Infectious icterus.... 4,600,000 90 1 + 200 0 200 
6 ll/ 3/15 Mr. M. Hemochromatosis..... 4,800,000 75 0.78 ++ 1,400 0 1,400 
7 2/ 7/16 Mr. O. Gastric carcinoma’.... 8,100,000 50 0.8 + 400 0 400 
s 2/12/16 J. H. Lymphatic leukemia... 4,000,000 70 0.87 + 1,400 0 1,400 
i) 3/ 1/16 M. K. Advanced cirrhosis... 3,530,000 70 1 + 1,200 Trace 1,200 

10 3/10/16 Mrs. M. Doubtful............... 3,500,000 85 1.2 ++ 1,000 0 1,000 

11 3/11/16 Mrs. D. Gastrie carcinom4.... 1,200,000 20 0.8 + 200 0 200 

12 3/12/16 c.D. Duodenal uleer.......... 3,600,000 40 0.55 + 600 0 600 

13 3/14/16 = Mr. W. | Gastric carcinoma. 1,250,000 2% 1 + 200 0 200 

14 8/ 2/16 Mrs. 8 Gastric carcinoma... 2,640,000 35 0.7 $+ 600 0 600 

15 6/23/16 Mr. O Stone obstruction. és etceceses eee + 200 0 200 

16 6/22/16 Prof. 8 Neurosis. pee csee , 4,800,000 80 0.9 + 4 1,200 0 1,200 

17 6/13/16 oO. H Unknown......... 4,200,000 69 0.8 - 200 Trace 200 

18 4/20/16 Mr. C.C Gastric carcinoma’.. 2,000,000 40 1 + 400 0 400 

19 5/16/16 Mrs. C. Secondary anemia... 2,970,000 60 1 bb 1,200 Trace 1,200 

20 5/29/16 Mrs. C. Secondary anemia.... 2,850,000 60 1 ++ 1,000 += Trace 1,000 

21 5/25/16 Mr. O Acute catarrha! icterust 4,800,000 90 0.9 + 1,200 0 1,200 








* Confirmed at operation (guaiac positive in duodenal contents). 
+ Urine estimated at the same time gave urobilin 1,000, urobilinogen 600 and bilirubin ++. 


under demand. The patient in Case 22 was seen at a similar period 
postoperative and had had the rather usual early betterment only to 
experience a profound recurrence, in which he was seen and studied. 
To our amazement the duodenal contents looked dark and yielded the 
extremely high values recorded. However, a quantitative urine estima- 
tion demonstrated what I anticipated, even higher values. This clari- 
fied the atmosphere. An extremely dilated heart, with fourth degree 
incompensation, and a consequent severe hepatic stasis accounted for 
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the findings; for it must be remarked that it is always well to guard 
against this possible error by noting the state of the circulation and 
estimating in doubtful instances the quantitative urinary pigments. 

From the facts gathered together in Table 2 we can proceed with 
the assumption that splenectomy ablates one factor in the equation 
+—y=s, namely, y. However, varying with type and stage, this factor 
may be the lesser of the two. To estimate with some degree of 
accuracy this second factor, +, would mean the ability to judge in 
advance the probable effectiveness of splenectomy. 
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Curve 1.—Total red count and pigment values encountered in Case 1, por- 
traying the remarkable parallelism between the two. 


From a study of Curve 1, representing graphic parallel curves of 
the blood and pigment values encountered in a case under ubservation 
and study for a period of seven months, from the normal pigment 
level possible of designation from the data here gathered together in 
disease not affecting the blood, and from a study of the comparative 
blood and pigment values found in hemolytic icterus, in which splenec- 
tomy is so strikingly efficient, we are approaching the solution of factor 
#, in the above equation s—y=z, in which x represents hematopoiesis, 
y splenism* and <z the resulting blood count. Normally the total pig- 
ments range around 1,000. This then represents physiologic splenism. 
The blood count stands around 5,000,000. Given the value therefor 
of y and z, x can readily be determined. Reduced to simple com- 


4. Spleen-liver complex. 
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parative figures: + ] 5: that is, a 6. Ina given unit of time 
6 parts are supplied, one physiologically sacrificed, leaving a constant 
normal of 5. With + remaining constant, we can tabulate as follows: 
(x v s); 6 l 5; 6 2 4; 6 3 3; 6 4 a; 
6 - l , 

Now from Curve 1 we gather the information that as the blood 
count rises the pigment values fall. This makes it self-evident that the 
other possible table of variations cannot obtain in pernicious anemia ; 
to wit ‘s \ gi; @ l 5: 5 l 4: 4 ] 3: 
3 l £32 l l 
For in this relationship the value of y is constant and low. 

lo determine, hence, in a given case what may be styled the 
hematopoietic-hemolytic index resort may be had to the formula, 
H.-H. Index “in which y represents the first figure of the 
blood count, < the same of the pigment values in round numbers, and 
the value of x is 6. In Case 11, Table 1, for instance, the blood count 
standing at 2,000,000, the pigment values at 3,200, the hematopoietic- 
hemolytic index is **°? —*? or 0.87. With the index less than 


normal by a slight margin only, a marrow possible of recovery to a 
normal output might be hoped for. While, on the contrary, in a case 
of the type of Case 12, with the blood at 1,500,000 and the pigment at 
2,200, the index aes md 0.6—a severely negative index, 
¢ 6 

hypohematopoiesis — and a restitution ad integrum would seem 
improbable. Contrasting these indexes in the slowly recovering per- 
nicious anemias after splenectomy with the index in hemolytic icterus, 
as illustrated in Case 7, in which the blood picture approaches the 
normal in a short space of time, we find that with the blood count 
at 2,500,000 and the pigment total at 5,600 the index is heavily plus, 
namely, 1.4 

Judged by the hemolytic index, Cases 1, 2, 3, 4, 9, 10, 11, 15 and 
16 appear favorable for splenectomy. Case 11 bears this out in two 
clinical features, the persisting icterus, pointed out as a favorable indi 
cation in our former paper, and a definitely enlarged, hardened spleen 
Early in the disease, not necessarily in the mere point of time, this 
organ is definitely enlarged in favorable types 

In the face of the fact that urobilinogen is peculiarly and intimately 
associated with structural changes in the total liver parenchyma, it 
will be reserved for future confirmation whether for the index the 
total of both urobilinogen and urobilin be the proper value of y or 
urobilin only 

Incidentally, this study of duodenal pigment values has served to 
provide a most simple and reliable method of differentiating severe 


anemias due to enteric bleeding from parenteral types. Cases 7, 13, 
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14 and 18 in Table 3 were regarded as parenteral in type. In Case 7 
with the absence roentgenographically of a persistent filling defect and 
of motor disturbances, of lactic acid and the related organism, and of 
occult blood in the stomach contents, with a blood picture so typical of 
the pernicious type as to be tentatively so regarded for months, it 
remained for the duodenal pigment analysis to definitely decide the 
case to be one of enteric bleeding. In Case 13 the imitation was 
complete, even to the point of typical remission periods. Here, after 
repeated trials, a positive guaiac in the stools was of help. 

The more pronounced the degree of anemia, and hence the closer 
the blood picture imitation of the parenteral type, the more strikingly 
are the pigment values at the opposite pole of oligochromemia in 
enteral bleeding 

SUM MAR\ 

1. Splenectomy apparently immediately and permanently reduces 
the excessive blood-derived pigments of pathologic hemolysis to a 
normal level. There is no proof that a recurrence of a pernicious 
blood and clinical picture after splenectomy is due to a reestablish 
ment of excessive blood destruction. 

2. Bearing in mind that fully developed pernicious anemia is a late 
bone-marrow exhaustion of a primary hemolytic process, we know our 
endeavor to gain a preoperative knowledge of the competency of the 
marrow is necessary to a proper selection of favorable operative cases 


A plus hematopoietic-hemolytic index in a given case should be 


regarded as one factor favorable to permanent postoperative recovery 


3. The classic blood picture of pernicious anemia may be success- 
fully imitated by chronic enteric bleeding anemia. For a reliable means 
of differentiating these fundamentally dissimilar conditions, a quanti 
tative estimation of the duodenal pigments is decisive 


Our thanks are extended to the Rochester Clinic and Dr. Tuohy of Duluth 
for the opportunity graciously accorded us of making the above studies on 
private patients. 
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